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When using this manual, the reader should keep the following in mind: 
This manual may, wholly or partially, be subject to change without notice. 


All rights reserved: No one is permitted to reproduce or duplicate, in any 
form, the whole or part of this manual without Hitachi’s permission. 


Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit according 
to this manual. 


This manual neither ensures the enforcement of any industria! properties 
or other rights, nor sanctions the enforcement right thereof. 
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¢.HM6116LP LFP Series : 10uW 


t The package codes of CG, G, P, FP and SP are applied to the package materials as follows. 
CG : Glass-sealed Caramic Leadless Chip Carrier, G‘ Cerdip, P : Plastic DIP, 
FP : Flat Plastic Package (SOP), SP : Skinny Type Plastic DIP 
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Yt The packade codes of G. P and FP are applied to the packge material as follows. 
G:Cerdip, P: Plastic DIP, FP: Plastic Flat Package 
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* Under development 
ft The package-codes of F,G and CC are applied to the packge materials as follows. 
F : Flat Package, G : Cerdip, CC : Ceramic Leadless Chip Carrier 
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Mi PACKAGE INFORMATION (Dimensions in mm) 
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36.0 Including End Flash) 





0.20~0.38 
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Package Information 


Applicable ICs 
DP-16 HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20 
DP-16A | HM50256P-12, HM50256P-15, HM50256P-20, HM50257P-12, HM50257P-15, HM50257P-20 


HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147HP-35, 
HM6147HP-45,HM6147HP-55,HM6147HLP-35,HM6147HLP-45,H M6147HLP-55, HM48416A P- 12,H M48416A P- 15, H1M48416A P-20 


HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P, 
DP-20 HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, HM6167HLP-45, 
HM6167HLP-55, HM6267P-35, HM6267P-45 


DP-22A | HM6287P-55, HM6287P-70, HM6287LP-55, HM6287LP-70 


HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-12, HM6116AP-15, 
DP-24 HM6116AP-20, HM6116ALP-12? HM6116ALP-15, HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, 
HN61365P, HN61366P 


DP-24A | HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-12, HM6116ALSP-15, HM6116ALSP-20 


HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HM65256P-15, HM65256P-20, 
DP-28 HN61364P, HN61364HP, HN613128P, HN613128HP, HN61256P, HN613256P, HN613256HP, HN62301P, HN482764P-3, 
HN4827128P-30, HN58064P-25, HN58064P-30, HN58064P-45 








DP-18 


®@ CERDIP 


5.06max 2.8min 


© DG-16A 


0.Smin 


HABE] 


2.5440.25 0.4840.1 
x ~a co. wt os w [ ad 





a~ 15° 6.20~0.38 


® DG-16B 


xr Ro ek wD te 


Ke 


2.54min 


0,3; 





(to be continued) 
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Package Information 


0.4840.) 





® DG-24A i jel 28min © DG-24B 


Applicable. ICs 


w 
i] 
+1 
Tos 
ba 
x 
Ss. 





© DG-28A 





A 


AyTpAAeNVEVATH 





oe ee ee 
agai dhmin 
+ I 
15.24 ‘ = 5.30max 


o-s] Le \ 





DG-16 HM10414, HM10414-1 

DG-16A_| HM2110, HM2110-1, HM2112, HM2112-1, HM100415 ; 

DG-16B HM4864-2, HM4864-3, HM4864A-12, HM4864A-15, HM4864A-20, HM50256-12, HM50256-15, HM50256-20, HM50257-12, 
HM50257-15, HM50257-20 

DG-18 HM6148H-35, HM6148H-45, HM6148H-55, HM6147H-35, HM6147H-45, HM6147H-55, HM10470, HM10470-1, HM10470-15, 

i HM100470 

DG-20 HM6168H-45, HM6168H-55, HM6168H-70, HM6167, HM6167-6, HM6167-8, HM6167H-45, HM6167H-55, HM2142, 
HM10480, HM10480-15, HM10480-20, HM100480, HM100480-15, HM100480-20 

DG-4 HM6116-2, HM6116-3, HM6116-4, HM6116L-2, HM6116-3, HM6116L-4 

DG-24A | HM10422, HM10422-7, HM10474, HM10474-8, HM10474-10, HM100422, HM100474, 

DG-24B | HN482732AG-20, HN482732AG-25, HN482732AG-30 

DG-28 HN482764G, HN482764G-2, HN482764G-3, HN27C64G-15, HN27C64G-20, HN27C64G-25, HN27C64G-30, HN482718G-25, 
HN4827128G-30, HN4827128G-45, HN27256G-25, HN27256G-30 

DG-28A | HM10484-15, HM10484-20, HM100484-15, HM100484-20 
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e@ Surface Mount Packages 


15.80( Including End Flash) 





0.915( Including End Flash) 


ott tt Jo tly ts 3-dt Ie? 


Package Information 











ey 
tl 
ies) 


(Miss matching of base and cap} 





@Applicable iCs 


HM6116FP-2, HM6116FP-3, HM6116FP-4, 
HM6116LFP-2, HM6116LFP-3, HM6116LFP-4, 
HM6117FP-3, HM6117FP-4, HM6117LFP-3, 
HM6117LFP -4 

HN61364FP, HN613128FP, HN61256FP, 
HN613256FP 

HM10480F, HM100480F 


HM100422F, HM100474F, 
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Package Information 


@ Surface Mount Packages 


ms 10.80+ 0.38] 


& 


| 


E0381 


ax 7. 
2.49max 


2.2) 


ati 


wD 
= 
= 
=i 
In 


1.78 
poe | 
5.08 


~ 381 


®@ Applicable ICs 
HM100415CC, HM100422CC 


HM4864ACG-12, HM4864ACG-15 
HM4864ACG-20 


HM6167HCG-45, HM6167HCG-55 
HM6287CG-55, HM6287CG-70 


HM6116CG-2, HM6116CG-55 
HM6116CG-4 
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M RELIABILITY OF HITACHI IC MEMORIES 


1. STRUCTURE 

IC memories are classified into Bipolar and MOS 
structural types, with unique, respective characteris- 
tics. Bipolar characteristics are high speed and small 
capacity, while MOS features large capacity. 


Produced with the most advanced semiconductor 
manufacturing technologies, the LSI memory is inte- 
grated in high density by unit patterns called ‘‘cells.”’ 
Despite differences in circuit design, pattern layout, 


@ Table 1 Examples of Basic Cell Circuit of iC Memories 
Bipolar memory Bipolar memory NMOS memory 
(RAM) (PROM) (Dynamic RAM) 
control memory Microcomputer Main memory of computer, 
of high-speed control use’ microcomputer memory 
computer 


Le 






Classification 


Buffer memory, 
Application 








Example of 
basic cell 
circuit 


IC memory chips are produced in Ceramic, Cerdip, and 
Plastic packages. Leadless Chip Carriers (LCC’s) for 
high package density, and Small Outline (SO) pack- 
ages are currently being developed. 


Hermetically sealed Ceramic and Cerdip packaging is 
suitable for high reliability equipment. Plastic, the 


@ Table 2 Examples of IC Memory Package Outlines 


® 18 Pin 





and degree of integration, stable product reliability is 
achieved in the manufacturing process by incorpo- 
rating past achievements in single cell design, and the 
proven reliability of each respective technology. Uni- 
fied production standards are applied in design, manu- 
facture, and inspection stages, and reliability is 
guaranteed by using TEG (Test Element Group) eva!- 
uation. Examples of Bipolar and MOS memory cell 
circuits are shown in Table 1. 








NMOS, CMOS 
memories 
Static RAM 






NMOS memory 
(PROM) 


For 
microcomputer 
control 


leading semiconductor package, is used in a wide 
variety of applications. Hitachi’s improved Plastic 
package provides a reliability level nearly that of the 
hermetically sealed Ceramic and Cerdip packages. 
Table 2 shows examples of IC memory package 
outlines. 


@ 24 Pin 
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Reliability of Hitachi IC Memories 


© 24 Pin with Lid © 28 Pin with Lid 


= Plastic DIP 
®@ 16 Pin ® 18 Pin ® 20 Pin @ 24 Pin 


@ 28 Pin 


= Leadless Chip Carrier 
®@ 18 Pin @ 20 Pin @ 24 Pin 


= SOP 
@ 24 Pin @ 28 Pin 
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2. RELIABILITY DATA 


2.1 Reliability test data on Bipolar memories 


Reliability test data is shown in Tables 3 and 4. Since sured in all device types. Results have further indi- 
unified design and quality control standards are ap- cated that the greater the device capacity, the higher 
plied in the manufacturing process, reliability is as- the reliability per bit. 


© Table 3 Results on Bipolar Memory Reliability Tests (1) 


HM10470 Cerdip 


Total 

Samples | component | Failures 
hours 

125 0 


HM100422 (Chip Carrier) 


Total 
component | Failures 
hours 

























Test item Test condition 





Failure 
rate* 


Failure 








Tq = 125°C 
Ver =-5.2V 
(HM10470) 








High- a ° 
temperature Tg = 150°C 
(Operating) | Veg =-5.2V 
(HM10470) 80 
Vec = -5.0V 






(HM100422) 















High- 
temperature 
storage 








* Estimated failure rate with confidence level 60%. 


®@ Table 4 Result on Bipolar Memory Reliability Tests (2) 


Test item Test condition HM10470 (Cerdip) HM1 00422 (Chip carrier) 


















Temperature cycling -65°C ~ +150°C, 10 cycles | 120 =6«| lo] 4 0 
Soldering heat 260°C, 10 seconds a ee ee eee - 
Thermal shock 0°C ~ +100°C, 10 cycles | 36 «© | 60] 0 
: 1500G, 0.5ms, 
Mechanica shock Three times each for X, Y and Z a0 0} oo | : 
, 100 ~ 2000Hz, 20G 
Warlabie:Hequency Three times each for X, Y and Z a0 0 fo : 
Constant-acceleration 20000G, 1 minute, each for X, Y and Z | 40 | o | 60 | 0 


2.2 Reliability test data on MOS Memories 

Tables 5, 6 and 7 depict reliability test data on a repre- 64K SRAM, HM6116/FP 16K SRAM, HN4827128 
sentative group of MOS memory types—HM50256 128K EPROM, and leadless chip carrier devices in the 
256K DRAM, HM4864AP 64K DRAM, HM6264P 64K DRAM and 4K/16K SRAM product lines. 


®@ Table 5 Results on MOS Memory Reliability Test (1) 
HM50256 (Ceramic) HN4827128G (Cerdip) 


Total : : Total : : 
Sam- Fail- Failure Fail- Failure 
Sr [sperm | Ea | | Seog 
Ihr ihr 
- 100 1.0x105 9.2x107° 
t, 
Tg= 150°C 
Voc=8V/7V} 723 | 1.44x10® | 7 {| 5.8x10-6 
teye = 3us 

























Test Remarks 


Test item Condition 










High- 
temperature Oxide 
dynamic failure x7 
operation 
Tq = 125'C Oxide 
eye = 





* Estimated failure rate with confidence level 60%. 
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® Table 6 Results on MOS Memory Reliability Tests (2) 




























HM4864AP (Plastic) HM6264P (Plastic) 
F Test Total ‘ : Total Remarks 
Test item eas Fail- Failure Sam- Fail- Failure 
condition ppmponent ae rate* ples penpenent 
= 150°C Ihr _ Wht 
High- Paes 1V 1.73x10° | 0 | 1.3x10-° | — 
temperature sever = — 
dynamic Isolation 
operation 1.73x105 0 1.3x10°° | 774 | 8.4x105 2 3.7x10°® | ‘failurex 1 
Defective 
crystal x 1 
High-temper- ee 
ature and 1.77x105 | 0 | 5.2x10-* | 304 | 3x108 3x10 
high-humi- 
dity bias 
4.2x1075 


Pressure = 121°C 22 1.1x10* 8 5 04 
re 85% .1x10 0 4x107 2.2x1 
cooker storage | 


* Estimated failure rate with confidence level 60%. 








@ Table 7 Results on MOS Memory Reliability Tests (3) 
HM50256 EPROM 
pie Test (cerdip) (Cerdip) HM6116P HM6116FP 
Se condition Fail- Fail- Fail- Fail- Fail- 
ures ures ures ures ures 
Temperature | -55°C~+150°C | 4 86 
cycling 10 cyctes 


Temperature | -55°C~+150°C 

cycling 1000 cycles 116 250 100 
Thermal -65°C~+150°C 

shock 15 cycles 


wn 
® 
3 
= 
a 











Soldering 260°C 
heat 10 seconds 
Mechanical 
shock 
Variable 20Hz~ 2000Hz 
frequency 20G 

Constant- 
acceleration 











*6000G 








2.3 Reliability of IC memory electrical character- 

istics Bipolar access time test data is given in Fig. 1. Dy- 
Internal elements of IC memory device types are de- namic operation test data on 64K DRAM is shown in 
signed to assure stability of electrical characteristics. Fig. 2 and 3. 


Fig. 1 Example of Change in Bipolar Memory Characteristics 


Example Example of time change in access time for Bipolar memory 


Device name HM 10470 


Test condition Ta=12S°C, VEE=-5.2V 
Failure criteria taa=25ns 


Average 


Measuring Condition [Average 
Minimum 


A ; 35 i 
Failure mechanism Surface degradation Marching Pattern 


Results: 
Access time (ta a) is stabilized and is within the failure 
criteria. 


taa (ns) 





0 500 1,000 2,000 
Time (hr) 
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HM4864-3 N= Supes 


———  ——-_ Sperification 


> 
£ 
& 
8 
> 


Measuring Conditions 
+ Ta=25C 

+ trac = 200ns 

+ Marching Pattern 


cee nn oe — See 
500 1,000 1,500 
Time (hrs) 


De NWF OD NY 





Fig. 2 Vcc min time dependence in dynamic operation 
test at 125°C 





150 


HM4864-3 Measuring Ta= 70°C 
N=50pes Conditions Vcc=4.5V 
Disturb Pattern 


100 





£ 

: 

~ 50 

Specification 
2ms 
0 : LLL 
0 500 1,000 1,500 2,000 
Time (hrs) 


Fig. 3 Time dependence in refresh time (taeF) in dynamic operation test at 125 C 


2.4 Classification of failure modes 
Examples of field failures are shown in Fig. 4 and 5. 
Hitachi eliminates latent defects such as pinholes, 


Process data and field failure data is continuously an- 
alyzed, and high temperature burn-in screening is ex- 


foreign materials, etc., in each respective stage of 
production. 


are Defective Iasutet ron 

Statistics Layer Dee to Foreign 

for 1979-1962 Materials % 
20~G60FIT 







Defective Photo- 

lithography 3% 

Defective Metalizsison 3% 

Fig. 4 Classification of Failure Modes of Bipolar Memory 
in the field 


ecuted to further improve design, manufacture, and 
reliability. 


Statistics 
for 1979-; 1982 
3 ~200F1T 
Defective 
Phowo- 
lithography 


U% 





Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 
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3. SOFT ERROR 

3.1 Soft Error 

Miniaturization of IC memories has reduced hori- 
zontal and vertical plane dimensions, signal level, and 
stored charge. One obstacle to further scaling is soft 
errors—‘‘transitory failures in which normal memory 
Operation can be recovered by reprogramming data.” 
Soft errors are caused by alpha particles emitted from 
Uranium and Thorium contained in the packaging 
materials. When memory chips are.exposed to alpha 
particles, many electron-hole pairs are induced in the 
Si substrate, causing memory data reversion. Fig. 6 
shows the mechanism of data reversion in NMOS 
DRAMs. Negative voltage is applied to the Si sub- 
strate. Positive holes are drawn by the substrate, and 
only electrons cause information reversion (from data 
“1” to “0") in the memory cell. 


Polysilicon Gate 


| Silicon Substrate; iy | 
Information Storage Area 
\ (e being absent) 


Fig. 6 shows a misoperation defined as “Memory cell 
mode of soft errors,” as distinguished from “Bit line 
mode of soft errors” shown in Fig. 7. As information in 
a memory cell is read out on the bit line, the bit line 
potential changes depending on the memory cell data. 
The change is small (several hundred mV), and com- 
pared with standard potential (potential read out from 
a dummy cell), it is amplified by the sense amplifier. If 
the bit line is exposed to alpha particles during the 
short period between read-out from the memory cell 
and amplification by the sense amplifier, the bit line 
potential decreases. As the potential becomes less 
than standard, misoperation occurs from “0” to “1.” 
Both are called “Bit line mode’ since errors appear at 
irradiation of alpha particles. Soft error dependence 
on cycle time is shown in Fig. 8. 


(a) Memory information at ‘1" (b) Incident a-particle generate a  (c) Inversion of memory informa- 


(Electrons are absent) 
(1 Transistor type memory cell) 


large quantity of electron-hole 
pairs. Generated electrons enter 


tion from ‘1’ (electrons “ab- 
sent’’) to 0” (electrons ‘‘filled’’) 


the information storage area and 
holes are drawn to the substrate 


power supply. 


Fig. 6 Misoperation in Memory Cell 
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Bit Line Potential . 
Information 


1 


Reference Level 


\ Information +o" 


Pre- Inforamtion Amplified 
charge Read Cycle 
& 
Inversion of information (c) Inversion of information 
- 5 : from "4 se to bis 0 had from ae a hd to ba | ow 
(a) Read out memory information (fall of ‘1’ potential) (fall of standard potential) 


into bit line 


Fig. 7 Misoperation on Bit Line 





103 3.2 Examples of soft error preventive measures 

In 64K DRAM development, accelerated irradiation 

test data indicated a higher soft error rate than the 

expected design rate. Hitachi performed the following 

soft error preventive measures: 

(1) Selection of packaging materials which emit min- 
imal alpha particles 

(2) Application of chip coating technology to prevent 

10 Bit Line Mode alpha particles from reaching the chip surface. 

(3) Use of circuitry and layout technology with 
inherent ability to resist alpha particles. 


Cell Mode 


Soft Error Rate (Relative Figure) 





1 10 102 103 As a result of these measures, soft errors in 64K 
DRAM have reached acceptable levels (Fig. 9). 
These preventive measures also are applied to 
Fig. 8 Soft Error Rate’s Dependence on Cycle Time other device types, such as the 16K DRAM, single 
power supply 5V family of products. 


Cycle Time (Relative Figure) 


Actual products will have three types of failure 
modes—cell mode, bit line mode, and a mixture of 
both modes. Soft error mechanisms in static MOS and 
Bipolar memories are different from the above- 
mentioned mechanisms in dynamic MOS memories. 


In static memory, current always flows through the 
cell to retain data in the flip-flop. When partial current 
induced by alpha particles exceeds the retention cur- 
rent, misoperation occurs due to reversion of the 
flip-flop. 
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108 


104 


103 


10? 


(Relative Figure) 


10! 


Soft Error Rate in Forced Test 


107 





10° 


Mask1 Mask2 Mask3 Mask 4 


Fig.9 Example of Soft Error Improvement on 64-bit 
Dynamic RAM 
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3.3 System-level preventive measures 

Hitachi's effort to reduce soft errors has resulted in 
almost trouble-free memories. System-level reliability 
can be further improved by supplying functions such 
as ECC for large memory systems, and a parity bit for 
small systems. 


4. RELIABILITY CLASSIFICATION 


In designing IC memories, Hitachi classifies memory 
reliability by the particular device application, and can 
control the flow of design, production and testing to 
suit that application. 


Reliability can be classified according to the following 
general applications: 

(1) Large scale computers and electronic exchanges 
(2) Automotive applications 

(3) General communication-industria!l use. 


When using our memories in any special equipment, 
please do not hesitate to consult our sales engineering 
staff regarding reliability in that application. 
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Precautions given below for handling IC memories 
will assist the designer in achieving optimum circuit 
designs, and prevent device malfunction. 


1. BIPOLAR IC MEMORY 


1.1 Prevention of static electricity 

Bipolar memories are considered to have higher resist- 
ance to damage by static electricity than MOS ICs. 
However, presently available high-speed Bipolar 
memory ICs must be handled with suitable static elec- 
tricity preventive measures. Since their diffused junc- 
tions have become thinner than conventional types in 
order to perform at high speed, the following mea- 
sures are recommended: 

(1) Keep all device terminals in a conductive mat to 
maintain equi-potential during transportation and 
storage. A conductive mat called ‘““MOSPAK” is 
commercially available. Unless otherwise speci- 
fied, all Hitachi !C memories are shipped in con- 
ductive mats. Memories should be stored in these 
mats. 

When handling IC memories for inspection or 
connection, grounding must be provided as shown 
in Fig. 1. The 1M ohm resistor protects the handler 
from electric shock. 


(2 


— 


Insulated ¢tip 


Copper ring ‘\ 


‘put it on a finger Shielding wire 
‘about 1 meter IMQYW resistor 
Fig. 1 
(3) Control the ambient relative humidity at about 50 
per cent. 


(4) Wear cotton clothes instead of synthetic fabrics. 

(5) Ground all soldering iron tips. 

(6) Pack IC memories mounted on circuit boards in 
conductive mats. 





1.2 Prevention of Reverse Insertion 
Marking of No. 1 pin is clearly stamped on the device 
package to prevent incorrect insertion of ICs. 


1.3 Mounting and Removal of ICs with Voltage 
Applied 

If ICs are inserted or removed from a board when 

voltage is applied, the voltage induced at current 

on/off can destroy the ICs. Mount and remove ICs 

with power removed. The same precaution is neces- 

sary in measurements using a tester. 


1.4 Prevention of Oscillation 

ECL Bipolar memory has a high transistor cutoff fre- 
quency. Sometimes oscillation is caused by the 
external circuit, and IC misoperation occurs. In such 
cases, a high frequency capacitor (0.1u/F) is recom- 
mended between the IC’s ground and voltage supply 
line. 


1.5 Precaution on Simple ‘‘H’’ Level of ECL 
Memories 

If an IC’s input is grounded to fix input level at “H,” 

misoperation sometimes occurs due to the internal 

circuit composition. ‘‘H” and “‘L” input levels are spec- 

ified Virymin) aNd Virimax), respectively. Please refer to 

these specifications to properly utilize ICs. 


1.6 Cooling 

The power dissipation of Bipolar memories is 400mW 
to 1000mW, depending on the device. When many 
Bipolar memories are mounted on a board, forced air 
cooling may be required. In addition, cooling will 
improve reliability as shown in Fig. 2. We recommend 
the junction temperature be kept lower than 85°C to 
achieve high reliability. 
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2 
a 
c 
a] 
= 
a 
ke 
— 
ry 
3 
< 





200 175 150 125 100 75 50 25 


Junction Temperature on Operation 7} (‘C) 


Fig.2 Example of derating of ECL 


1.7 Other Precautions 

(1) Deforming of magazine and carrier: 
Plastic magazine and carrier material for ECL flat 
packages is usually thermo-plastic, which deforms 
at temperatures higher than 40 to 50°C. If burn-in 
occurs in the field, use an aluminum magazine or 
other metal type fixture. 


(2) Shock in transportation: 

Normal handling tests and drop tests (JIS-C7021 

_ A-8)on individual glass-sealed devices indicate no 
damage. However, strong shock received during 
transportation or loading of devices packed in 
magazines may cause damage. Even after devices 
are board-mounted, IC packages may be damaged 
if the board strength is insufficient to withstand 
Strong deforming stress. Please contact Hitachi or 
its representatives regarding handling and trans- 
portation of Hitachi devices. 


2. MOS IC MEMORY 


2.1 Prevention of Static Electricity 
The preventive measures referred to in Paragraph 1.1 
should also be followed for MOS memories. 


2.2 Reducing Power Source Noise 

Current spikes can create a power source noise in 
dynamic memories. Since MOS memories are ac- 
cessed while being refreshed, use of large capaci- 
tors is recommended (a 10uF capacitor for every 9 
pieces of 64K-bit HM4864P, as well as an 0.1pF 
high-frequency capacitor for each memory). 


2.3 Assessing Memory System Designs 

When evaluating system designs, power margin 
curves (shmoo plots) can be obtained by observing 
Ves and Vpp power levels as they are gradually var- 
ied vs. system timing margin. Optimum curves are 
those which are closest to the margin shown for 
the memory device itself. 


2.4 Parity Bit 

Application of MOS static memories to microcom- 
puters has increased because MOS static memory 
operates from a single 5V power source, without 
refresh. In some circuit design applications, all bits 
are used as information bits without a parity bit. 
However, we recommend adding a parity bit to 
thoroughly avoid memory error. 


2.5 Use with High Voitage 

Avoid system operation failure caused by high elec- 
trical fields by shielding MOS IC memories from the 
high voltage source. 
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1. VIEWS ON QUALITY AND RELIABILITY 


Basic views on quality at Hitachi are to meet the 

individual uers’ required quality level and maintain a 

general quality level equal to or above that of the 

general market. The quality required by the user may 

be specified by contract, or may be indefinite. In either 

case, efforts are made to assure reliable performance 

in actual operating circumstances. Quality control 

during the manufacturing process, and quality aware- 

ness from design through production lead to product 

quality and customer satisfaction. Our quality assur- 

ance technique consists basically of the following 

steps: 

(1) Build in reliability at the design stage of new 
product development. 

(2) Build in quality at all steps in the manufacturing 
process. 

(3) Execute stringent inspection and reliability con- 
firmation of final products. 

(4) Enhance quality levels through field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 


With the views and methods mentioned above, 
utmost efforts are made to meet users’ requirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Targets 

The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade- 
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 

(1) End use of semiconductor device. 

(2) End use of equipment in which device is used. 
(3) Device manufacturing process. 

(4) End user manufacturing techniques. 

(5) Quality control and screening test methods. 

(6) Reliability target of system. 


2.2 Reliability Design 
The following steps are taken to meet the reliability 
targets: 
(1) Design Standardization 
As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 


design, device design, layout design, etc. There- 
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require- 
ments imposed by functional needs. 


(2 


— 


Device Design 

It is important for the device design to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous technical studies are conducted prior to 
device development. 


(3 


— 


Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC’s and LSI 
devices which have complicated functions. 


The objectives of Functional Test are: 

@ Determining the fundamental failure mode. 

@ Analysis of relation between failure mode and 
manufacturing process. 

@ Analysis of failure mechanism. 

@ Establishment of OC points in manufacturing 
process. 


2.3 Design Review 

Design Review is an organized method to confirm that 

a design satisfies the performance required and 

meets design specifications. In addition, design review 

helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 

Items discussed and considered at design review are: 

(1) Description of the products based on design 
documents. 

(2) From the standpoint of each participant, design 
documents are studied, and for points needing 
clarification, further investigation will be carried 
out. 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Check process and ability of manufacturing fine to 
achieve design goal. 

(5) Preparation for production. 

(6) Planning and execution of sub-programs for 
design changes proposed by individual specialists, 
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for test, experiments, and calculations to confirm 
the design changes. 

(7) Analysis of past failures with similar devices, dis- 
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 


3. QUALITY ASSURANCE SYSTEM 


3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 

are as follows: 

(1) Problems in each individual process should be 
solved in the process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis- 
factory level of ability process. 


3.2 Quality Approval 
To insure quality and reliability, quality approval is 
carried out at the preproduction stage of device 


design, as described in section 2. Our views on quality 
approval are: 


(1) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 


3.3 Quality and Reliability Control at Mass 
Production 

Quality contro! is accomplished through division of 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 


Step Contents 
Eta] 


Rah Materials, Parts parecer saticn of Material and 
Production Approva Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 


Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 


Electrical 
Characteristics 

Function 

Voltage 

Current 

Temperature 

Others 5 
Appearance, Dimension 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Characteristics Approval 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 


Confirmation of Quality 
and Reliability in Design 


Quality Approval (1) 


Quality Approval (2) Reliability Test 
Process Check same as 


Quality Approval (1) 


Confirmation of Quality 
and Reliability in Mass 
Production 


Fig. 1 Flow Chart of Quality Approval 
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Process Quality Control Method 
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Quality Level 
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Appearance and Electrical 
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Inspection 
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Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 
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3.3.1 Quality Control of Parts and Materials 

As semiconductor devices tend towards higher per- 
formance and higher reliability, the importance of 
quality control of parts and materials becomes para- 
mount. Items such as crystals, lead frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi- 
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur- 
chase specification and drawing. The sampling is exe- 
cuted based mainly on MIL-STD-105D. 


The other activities of quality assurance are as 
follows: 

(1) Outside vendor technical information meeting. 
(2) Approval and guidance of outside vendors. 

(3) Chemical analysis and test. 


The typical check points of parts and materials are 
shown in Table 1. 


@ Table 1 Quality Control Check Points of Material 
and Parts (Example) 


Important 
Control Items 


Appearance 





Material, 
Parts 












Point for Check 


Damage and Contamina- 
tion on Surface 

Flatness 

Resistance 

Defect Numbers 


Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 
Appearance 
Dimension 
Resistoration 
Gradation 


Wafer 













Defect Numbers, Scratch 


Mask Dimension Level 


Uniformity of Gradation 














Fine Appearance Contamination, Scratch, 
Wire for . : Bend, Twist 
Wire Dimension 

Purity Purity Level 


Bonding 


























Elongation Ratio 
Appearance 


Mechanical Strength 
Contamination, Scratch 





Dimension Dimension Level 
Processing 

Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 


Characteristics 
Appearance 
Dimension 

Leak Resistance 











Contamination, Scratch 
Dimension Level 
Airtightness 


Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
. Mechanical Mechanical Strength 


Strength 
Composition 






Characteristics of 
Plastic Material 

Electrical 
Characteristics 

Thermal 


Plastic Characteristics 
Molding Molding Performance 
Performance 
Mounting Mounting Characteristics 


Characteristics 


3.3.2 Inner Process Quality Control 

Inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 


(1) Quality Control of Semi-final Products and Final 

Products 
Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this, check points are set-up in each pro- 
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed—rigid 
checks in each process andeach lot, 100% inspec- 
tion to remove failure factors caused by manufac- 
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 

@ Condition control of equipment and workers 
environment and random sampling of semi- 
final products. 

@ Suggestion system for improvement of work. 

@ Education of workers. 

@ Maintenance and improvement of yield. 

@ Determining quality problems, and implement- 
ing countermeasures. 

@ Transfer of quality information. 


(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en- 
couraged. Maintenance Systems maintain opera- 
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica- 
tions are checked one by one to maintain and 
improve quality. 


(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 
The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum- 
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stances such as temperature, humidity and dust, 
and the control of submaterials, like gas, and pure 
water used in a manufacturing process, are inten- 
sively executed. 


attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment, and periodic inspection of floating dust 
concentration. 


3.3.3 Final Product Inspection and Reliability 
Assurance 
(1) Final Product Inspection 
Lot inspection is done by the quality assurance 


Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 


Process Control Point Purpose of Control 


Purchase of Material 


Wafer 


Surface Oxidation Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist Photo 


Resist 
Inspection on Photo Resist 


© PQC Level Check 


Diffusion Diffusion 


Inspection on Diffusion 
© PQC Level Check 


Evaporation 


Inspection on Evaporation 
© PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 
Appearance 


OPQC Lot Judgement 


Assembling Assembling 


©PQC Level Check 


Inspection after 
Assembling 


OPQC Lot Judgement 


Sealing Sealing 


©PQC Level Check 


Final Electrical Inspection 
Failure Analysis 


Marking 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 
Resistance 

Gate Width 

Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vru Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 
Bonding 

Appearance after Wire 
Bonding 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 
Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Fig. 3 Example of Inner Process Quality Control 
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Scratch, Removal! of Crystal 
Defect Wafer 


Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(Vrtu, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 
Bonding 

Quality Check of Wire 
Bonding 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 


mation 
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department for products which were judged good quality factors. Lot inspection is executed based 
in 100% test ... the final process in manufac- on MIL-STD-105D. 

turing. Though 100% yield is expected, sampling (2) Reliability Assurance Tests 

inspection is executed to prevent mixture of bad To assure the reliability of semiconductor devices, 
product by mistake. The inspection is executed not reliability tests and tests on individual manufac- 
only to confirm that the products have met the turing lots that are required by the user, are peri- 
users’ requirements but also to consider potential odically performed. 


Customer 


Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 
Quality Assurance Dept. Failure Analysis 
: : Countermeasure 
Manufacturing Dept. Design Dept. Execution of 
Countermeasure 


Quality Assurance Dept. ; 


Sales Engineering Dept. 


Follow-up and Confirmation 
of Countermeasure Execution 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Fig. 4 Process Flow Chart of Field Failure 
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1. Inspection Methods 


Compared to conventional core memories, all peri- 
pheral circuits such as decoder, write, and read cir- 
cuits are contained within an IC memory. 


A function test for TTL gates can be performed by a 
simple DC parameter facility. 


IC memory quality cannot be determined by inspecting 
DC characteristics only, because the number of tran- 
sistors relating to the DC pin characteristics only 
amount to 1/1000 of all elements. Systematic elec- 
trical inspection of IC memories requires a memory 
tester which generates an inspection pattern for the IC 
memory at high speed. When the address input 
becomes multiplexed, as in 16K memory, even gener- 
ating the function test pattern becomes a serious 
problem. The following address patterns are represen- 
tative of those used to determine whether internal 
circuits are functioning properly: 


(1) All “Low,” all “High” 
(2) Checker flag 

(3) Stripe pattern 

(4) Marching 

(5) Galloping 

(6) Walking 

(7) Ping-pong 


From many possible address patterns, we have listed 
a group of patterns convenient for checking the 
mutual interference of bits, including some with max- 
imum power dissipation. (1) to (4) are N patterns, 
capable of checking IC memories of N bits with several 
sequences of N against the IC memory of N bits. (5) to 
(7) are N2 patterns which require several sequences of 
N2, 


A serious problem arises in using the N2 patterns in 
large capacity memory. For example, a period of about 
30 minutes is required to inspect 16K memory with a 
galloping pattern. Patterns (1) to(3) are comparatively 
simple and effective methods, but do not guarantee 
protection against a failure in the decoder. The 
simplest pattern for inspecting the necessary memory 
function is a Marching pattern. 


2. Marching Pattern 


As its name indicates, this is a pattern in which “1” 
marches into all bits written “O”. The addressing 
method is explained in the following example for a 
simple 16-bit memory: 

(1) Write “O” for all bits (Fig. 1a). 

(2) Read “0” of Oth address and check that read data 
is “O"’. Hereafter, ‘“‘Read’’= ‘checking and judging 
the data.” 

(3) Write “1” in the Oth address (Fig. 1b). 

(4) Read “0” of 1st address. 

(5) Write “1” in 1st address. 

(6) Read “O” of nth address. 

(7) Write ‘1’ in nth address (Fig. 1c). 

(8) Repeat above procedures (6) and (7) up to the last. 
Finally all data will become “1.” 

(9) Since all data is “1” in this condition, replace ‘“O”’ 
and “’1” after procedure (2), and repeat once more 
up to procedure (8). 

It is understood that 5N address patterns are neces- 


sary for the N bit memory in this method. 
(a) (b; 





Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 


3. Generation of Marching Pattern 


A method of generating the marching pattern and 
displaying failed bits on the Braun tube is shown 
below. Fig. 2 shows the block diagram, with the 
address pattern generated by four synchronous 4-bit 
counters. All address patterns are shown in Fig. 4—an 
example of 16K bit memory. It can be seen that A14, 
which has half the frequency of the maximum address 
input A13, is the same as the data input. The A15 
signal together with the HD74161 carrier signal is 
used to determine the sequence termination. 


In the read and write cycles shown in Fig. 2, after 
clearing all bits, addressing is twice the period of 
clearing. This switching is performed at the binary 
gate, following the reference pulse generating circuit. 


@ HITACHI 33 





Outline of Testing Method 












CP” HD74163 
Carry Out 
T 
CP HD74161 
y 


Carry Out 
T 
CP HD74161 
rry Out a 
T 
CP HD74161 Au 





Fee © 


to Din of memory 
to Comparator Circuit of Memory 


Z Axis of Oscilloscope 


> Y Axis of Oscilloscope 


> X Axis of Oscilloscope 





Fig. 3 Fail Bit Map Display Circuit 


The output of the HD74161 is input to the D/A con- 
verter, and the output of D/A converter is connected 
to the oscilloscope to display A X-Y matrix. The output 
of the comparator circuit is connected to the Z axis and 
performs luminous intensity modulation. In this way, 
the bit map can be displayed on the CRT. 


Fig. 5 shows an example of a voltage margin check. By 
changing Vaz, the increase and decrease of failed bits 
can be seen. The complicated operation of the 
“memory can be seen dynamically by CRT display, 
rather than by pulse waveform observed with an ordi- 
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Fig. 4 Entire Pulse Relations 








(C) 


Fig.6 Example of 1 bit solid fail 


@ HITACHI 





(D) 
Fig. 5 Example of 1 bit solid fail 


nary oscilloscope. The bit map as shown in Fig. 5 is 
extremely useful in observing IC memory operation. 


4. Failure Mode 


70~90% of failure at user end is called a solid 
faiture—a mode which has no relation to access time, 
voltage margin and timing. In this failure mode, the 
memory is not capable of reading from or writing to 
certain specified bits, which are fixed at “O” or “1°. An 
example of single bit solid failure is shown in Fig. 6. 
The convenient tester previously described can detect 
such failures. Except for special cases, it is rarely 
necessary to perform high-precision measurements 
such as those made by IC memory manufacturers. 


Full inspection of IC memories under adverse condi- 
tions, performed by Hitachi, guarantees voltage and 
timing conditions listed in the data sheet. 


An extremely accurate memory tester is required for 
performing high-precision inspection with 1ns accu- 
racy. Hitachi is developing testers to supply newer 
high-efficiency memories with excellent characteris- 
tics and quality. 
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Mi APPLICATION OF DYNAMIC RAMS 


1. Power On 


When power is applied to a semiconductor memory, 
power-on current varies with Vcc and clock condi- 
tions, as shown in Fig. 1. If the rise time of Vcc is in the 
1Qus range, the RAM does not operate dynamically, 
causing a surge of Icc current. This Icc current surge 
may be avoided by insuring that Vcc rise time is longer 
than 100ys. 


(CTT TT] 
SPERzS 


\ RAS, AS= Vee, 


Vee (V) 
Vee (V) 


~— — 


Iec (mA) 
Ice (mA) 


x 
RHRRE 
ae 


20 30 40 «#50 0 


Vcc Rise Time=l0us 
Time (us) 





100 200 300 400 500 


Vec Rise Time=100us 
Time (us) 


Fig.1 Relationship between standard value 
of kc and Vcc during power-up 


2. Operation Modes (See Fig. 2) 


(1) Read-Cycle: 
First decide the X address of the memory cell 
chosen, and start with trailing of RAS. When the X 
address is held by the internal circuitry, change to 
Y address. Then trail CAS to take in the Y address. 
If the WE pin is at high, the output will appear on 
the Dout pin. 


(2) Write Cycle: 
The input at Din is written in the memory cell 
when WE turns to low before CAS. 


(3) Read/ Modify/Write C Cycle: 
During this cycle, CAS and WE are trailed down to 
low, so that data is read out from, and written in, 
the same address in the same memory cycle. 


_ (4) Page Mode Cycle: 

In this cycle, CAS is cyclically moved after taking in 
the X address through RAS, to scan only the Y 
address. This permits reading out and writing in 
only one column of data at high speed. 


ORead cycle ——— 


ORead modify write cycle 
Write cycle -—= 


RAS 7 
CAS \ 


Address XOX 
———<——$ eum 





O Page mode read cycle ——— 
Page mode write cycle-—— 


targa “MEN v 
TCE. ee eee, o> A 





Fig.2 Operating modes of Dynamic RAMs 
2. Data Output 


Dout is a TTL-compatible, three-state output with two 
TTL-load fan out. The output is controlled by the CAS 
signals. In the early write cycle, the output reaches 
high impedance to permit use as a common I/O 
terminal. 


3. Refresh Cycle 


Refresh is a process of periodical rewriting to offset 
the leakage of charge in the cell, and is implemented 
in the RAS only refresh cycle, and ordinary read cycle. 
Whether 16K- or 64K-bit, all bits can be refreshed by 
giving a 128-cycle scanning to only the X addresses 
between AO and A6. Each cycle refreshes 128 bits for 
the 16K-bit DRAM, and 512 bits for the 64K-bit RAM. 


The RAS only refresh cycle permits a power-efficient 
refresh that calls for approximately 75% of current 
consumed by the read cycle. With CAS fixed at high, 
the output reaches high impedance. 


The HM4816A has a special function called hidden 
refresh which allows holding the output by turning 
CAS to low during RAS only refresh. 


There are two methods of refreshing: 
(1) Concentrated—giving a 128-cycle refresh after 
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operating the memory for a period of 2ms 
maximum. 


(2) Deconcentrated—which repeats a refresh cycle 
every 16s, following the initial 164 memory oper- 
ation (=2ms/128). 


4. Operating Current in Dynamic RAMs 


Fig. 3 shows the waveforms of current applied in 
various operating modes for HM4864. The mean 
operating current in each mode equals the value 
obtained by dividing the integrated result of each 
waveform by the cycle time. The first peak in each 
mode appears during memory access. On the other 
hand, the peak during standby appears due to the 
precharging operation in each circuit. 


RAS/CAS Cycle {Long RAS/CAS Cycte|RAS Only Cycle| Page Mode Cycle 


Tec (mA) 


: Note : Vec=5.0V, Ta=20°C 


| fe—50ns 


Fig.3 Power supply voltage (HM4864) 


DRAMs show different current peaks, depending 
upon RAS and CAS timing. The largest peak appears 
when both X and Y operate simultaneously. The max- 
imum current peak for HM4864 is approximately 
100mA. Current consumed during standby is ex- 
pressed as a function of cycle time dependency in Fig. 
4. During standby, with a once-in-every16yus refresh, 
HM4864 consumes approximately 3mA current. 





200n 500n lu 2 5yl0u 20n 
Cycle Time (tac) 


RAS Only Refresh Current [cc (mA) 


Fig.4 Cycle time dependence of RAS only 
refresh current (HM4864) 





Application of Dynamic RAMs 


5. Noise 


Noise can be classified into power source noise, and 
input signal noise. The power source noise can be 
further classified as low- or high-frequency noise as 
shown in Fig. 5. To assure stable memory operation, 
peak-to-peak power supply voltage, in the presence of 
low- or high-frequency noise, should be held below 
10% of standard level. To prevent power source noise, 
we recommend a condenser of 0.1 uF for each one or 
two devices. 


Input signal noise can be classified overshoot or 
undershoot. Overshoot should be held below the 
highest input level specified. To prevent input- 
undershoot-induced parasitic transistor effects, a —5V 
Vee is used (three supply designs) or a built-in Vas bias 
circuit is included on chip. 


Design should provide that the input undershoot does 
not exceed the minimum specified for Vi.. Overshoot 
and undershoot in DRAMS can be reduced by 
inserting a damping resistance of several tens of 
ohms. 


High-frequency noise : 
Not more than 10% of standard 
power supply voltage. 


— i. 
eget 


Low-frequency noise : 
Not more than 10% of standard power 
supply voltage. 

Total of low-and high-frequency : 

Not more than +10% of standard power 
supply voltage. 





Fig.5 Power source noise 
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1. PROGRAMMING AND 
ERASING EPROMs 


1.1 Programming 

Information is programmed into the memory cell of an 
EPROM by applying a high voltage to its drain and gate 
(Fig. 1 and 2). High voltage at the drain increases the 
energy of the electrons in the channel area, which 
become “hot electrons” capable of jumping across the 
oxide film. Pulled by high voltage at the gate, the hot 
electrons are admitted into the floating gate. The 
charge entering the floating gate changes the thresh- 
old voltage in the memory element, thereby storing 
new information. 


When reading out, voltage is applied as in Fig. 3, and 
“1° and “O” are identified by checking whether or not 
current flows. Since the drain voltage for read-out is 
set at 3V, no erroneous writing takes place. 


When shipped, all EPROM bits are held at logic “1” 
with all charge released (no programmed data). In 
changing “1” to “O’’ by applying the specified wave- 
form and voltage, data is programmed. The higher the 
Vee voltage, and the longer the program pulse width 
t,W, the greater the quantity of electrons programmed 
in, as shown in Fig. 4. 


If Vep exceeds the rated value, as in overshoot, the 
memory’s p-n junction may yield to permanent break- 
down. To avoid this, check Vpp overshoot of the PROM 
programmer. Also check negative-voltage-induced 
noise at other terminals, which can create a parasitie 
transistor effect and reduce apparent yield. 


Gate Gate 


Polysilicon 
Oxide film 
Source 7 Drain Source Zr Drain 


Fig.2 Cross section of 
memory transistor 


Fig.1 Memory transistor 
circuit symbols 


Logic “1” Logic ‘0” Drain 





Source 


Readout Ves 


Fig.3 Reading out stored information 


Stored Charge (Relative) 


Stored Charge (Relative) 


Fig. 
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of EPROMs. 









1.2 Erasing 


Hitachi’s EPROMs are usually capable of being 
’ written and erased more than 100 times. Data stored 
in the EPROM is erased by exposing the chip to ultra- 
violet light, which releases the electric charge from 
the floating gate. Electrons in the floating gate receive 
ultraviolet energy, become hot electrons again and 
jump into the control gate or substrate. This process 
erases the stored data. 


Wavelength and minimum exposure of ultraviolet 
light are specified as 2,537A, and 15W sec/cm2 
respectively. Erasure occurs by exposing a device to 
an ultraviolet lamp of 12,000uW/cm? at a distance of 
1.2~3cm for approximately 20 minutes. The ultra- 
violet light transmission rate of the transparent lid is 
about 70%. Contamination or foreign material on the 
surface—which lowers transmission and prolongs 
erase time—should be eliminated by the use of 
alcohol or other solvent that will not damage the 
package. Fig. 5 shows typical EPROM erasure 
characteristics. 
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Fig.5 Typical Erasing Characteristics 
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1.3 Data Retention 

As a result of writing in, approximately 0.5 to 2.0 x 
1073 coulomb of electrons are accumulated at the 
floating gate. With the elapse of time, these electrons 
decrease, which can result in inversion of stored data. 
The mechanisms of electron dissipation are explained 
as follows: 

(1) Data Dissipation by Heat 

The accumulation of electrons at the floating gate 
is an unbalanced state, so the dissipation of ther- 
mally excited electrons is unavoidable. Data 
holding time is closely related to temperature. Fig. 
6 shows typical data retention characteristics. 
Data Dissipation by Ultraviolet Light 

Ultraviolet rays at a wavelength of not greater 
than 3,000 ~ 4,000A will release the charge stored 
in EPROMs. Prolonged exposure to fluorescent 
light and sunlight, which contain some ultraviolet 
rays, can cause data corruption. Fig. 7 shows 
examples of data retention time using ultraviolet, 
sunlight, and fluorescent light sources. 


(2 


— 


10¢ 


107 


300 200 «150 100 
Storage Temperature (C) 
Fig.6 Typical Data Retention Characteristics 


106. 40W i lsoneseenr Lamp 





10¢ 
Direct Sunlight 


108 


Eradiation Time (Relative) 


10? 


Ultraviolet Eraser 
at 2,357A,6mW/cm? 


Stored Charge (Relative) 
Fig.7 EPROM's data retention time 
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Programming & Erasing of EPROMS 


(3) Data dissipation by voltage 

This type of dissipation occurs while information is 
being written in. High voltage at other memory 
cells lying on the same word or data line as the cell 
being programmed, can cause dissipation of 
stored electric charge. Such defects are elimi- 
nated by inspection at the factory. The programing 
voltage and pulse width should always be kept 
within specified limits. 


1.4 EPROM Programmer 

An EPROM Programmer stores program data from a 
source in its internal RAM, and writes the program 
data into an EPROM. A minimum of 3 functions are 
necessary to accomplish this: the Blank check func- 
tion prior to programming, the Programming function, 
and the Verify function. As shown in the drawing, 
programmers also are provided with a reverse inser- 
tion checking function, or pin contact checking func- 
tion, prior to the Blank Check. The diagram is outlined 
as follows: 

(a) Pin contact check 

Checking is performed by detecting the forward 
current of each EPROM pin. This forward biased 
resistance differs between product manufacturers. 
Reverse insertion check 

This check detects reverse insertion of the device, 
places the equipment in reset mode, and protects 
the device and equipment. 

Blank Check 

This function is performed prior to programming 
to determine whether the EPROM is erased, or to 
prevent EPROM reprogramming. With output data 
in the erased condition at “1” (high), check 
whether or not data in the EPROM is also at "1." It 
will failstop, if any “O” is detected. Normally, a 
lamp or buzzer provides warning. 

Programming 

Normal programming flow is shown below. An 
EPROM data word will be read out prior to pro- 
gramming, and compared with programming 
data. If they coincide, programming will be 
skipped; and if they differ, programming will be 
performed. Read out will be again compared with 
programming data, and if they coincide, it will 
progress to the next address. 


(b 


= 


_— 


(c 


(d 


— 


START 
7 
7 Sx 
7 XN 
7 XN 


7 
4 Check Pin Contact 





(e) Verify 
This function after programming completion, 
checks that the programming is correct when 
compared with data in the internal RAM of the 
programmer. It performs fail-stop when data does 
not coincide, lighting the fail lamp, and displaying 
the address and data. 












Is Programming 
Necessary? 











Is Readout OK? 





Is it the 
Final address? 


Address 
Increment 
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(f) How to input the program 
The following methods are given to input program 
data to the internal RAM of the programmer. 
Paper tape input and teletypewriter input are usu- 
ally options. 










Content 
Input by copying the master ROM. 


Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 


Copy input 
Manual input 

















Read the paper tape furnished 
from the host system with the 
tape reader 


Input with the teletypewriter. 
Preparation, correction and list 

preparation of the program can be 
made, 


Paper tape input 






Teletypewriter 
input 





1.5 Handling EPROMs 

Contact with a charged human body, plastics, or dry 
cloth causes the glass window of an EPROM to gen- 
erate static electricity which could cause device mal- 
function. Typical malfunctions are faulty blanking and 
write margin setting, which give the impression that 
information has been correctly written in. This mal- 
function is due to prolonged retention of electric 
charge on the glass window, resulting from the static 
electricity. It can be eliminated by neutralizing the 
charges through short exposure to ultraviolet rays—a 
procedure recommended before reprogramming, as it 
also reduces charges in the floating gate. To prevent 
charging of the window, use the following methods: 


(1) Use a grounding system for the operator handling 
EPROMs, and avoid use of gloves that may 
develop a static charge. 

(2) Refrain from rubbing the glass window with plas- 
tics and other substances that may develop a 
charge. 

(3) Avoid use of coolant sprays which contain ions. 

(4) Use shielding labels with conductive substances 
that can evenly distribute the established charge. 


Programming & Erasing of EPROMS 


1.6 Shielding Labels 

When using EPROMs in environments where ultravi- 
olet exposure can occur, put a shield label over the 
glass window to absorb ultraviolet light. Specially pre- 
pared labels are marketed, and metal-loaded types are 
particularly effective. Few shielding labels meet all 
environmental requirements established for EPROMs. 
A suitable label must be chosen for each application 
by considering the following label! characteristics: 


(1) Adhesive Strength 
Avoid repeated attaching and dusting which may 
reduce adhesive strength. Ultraviolet erasure and 
reprogramming are recommended after stripping 
off an attached label. If labels must be changed, 
attach the new label over the old, since peeling 
may develop a static charge. 

(2) Temperature Range 

Use a shielding label in an environment where 

temperature falls within the specified allowable 

range. Beyond this range, label paste may harden, 

or remain on the window glass even after the label 

is removed. 

Humidity Range 

Use a shielding label where humidity does not 

exceed the specified allowable range. 


(3 


— 
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Mi MASK ROM PROGRAMMING INSTRUCTION 





The writing of custom program codes into mask 
ROMs is performed by the CAD system, using a large 
scale computer. ROM code data should conform to 
specifications given below, using either paper tape, 
EPROM, or magnetic tape. Additional instructions, 
such as chip select and customer part number, should 
be given in the “ROM Specification Identification 
Sheet.” 


1. Specification of EPROM 


1.1 Submit three sets of EPROM stored Data. In the 
case of two or four EPROMs, specify the address 
of the EPROM. 

1.2 The ROM Code data is input from the start ad- 
dress to the Final Address in the EPROM. 

1.3 Type of EPROM 

HN462716 (2K-word x 8-bit, 2716 Compatible) 
HN462532 (4K-word x 8-bit, TMS2532 Com- 
patible) 
HN462732 (4K-word x 8-bit, 2732 Compatible) 
HN482764 (8K-word x 8-bit, 2764 Compatible) 
HN4827128 (16K-word x 8-bit, 27128 Compati- 
ble) 


2. Specification of Magnetic Tape 


2.1 The following type of magnetic tape is speci- 
fied, which can be entered in a magnetic tape 
device compatible with the IBM magnetic tape 


device: 

(1) Length .2,400 feet, 1,200 feet, or 600 feet. 
(2)Width. .. 6... eee eee eee ees 1/2 inch 
(SP CHANNGN, cscce wie Met weg ks esd 9 channels 
(4) Bit Density ........ 800 BPI or 1,600 BPI 


(clearly state bit density in the “ROM Specifi- 
cation Identification Sheet.”) 
2.2 Use EBCDIC code. 
' 2.3 Follow the format for magnetic tape described 
as follows: 
(1) No leading tape mark 
(2) No label 
(3) Record size 80 byte/1 record 
(4) Block size 10 records/1 block 
(5) Indicate end of the file with 2 successive tape 
marks (TM). 
2.4 Ensure that magnetic tapes represent one roll 
for each chip. Extending the single-chip portion 
over several rolls is unacceptable. 


2.5 Data Mode 

2.5.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 

HMCS6800 assembler. 

(1) Divide the 8-bit code into the upper and lower 4- 
bit codes, and convert each into hexadecimal no- 
tations. Example: The code of 1100 0110 is as 
follows under binary notation: 


(Upper 4 bits) (Lower 4 bits) Bit weight 
D, D, D, D, D, D, D, D, (ROM output 
1 10 0 0110 equivalence) 


(2) The actual load module mode is shown as 





follows: 

Header 
record 

Record Start 

Record Type 

Byte Count 

Address Size 

Data 

Data 

Data 

Check Sum 

Data End of 





Tilt E 
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SO indicates the head of the file, and SY indicates the 
end of the file. The actual data enters following S1 or 
from the address (hexadecimal) indicated in the ad- 
dress size. The address of the data recorder address is 
compared with the next data recorder address, by 


Example 


Mask ROM Programming Instruction 


counting in 1-byte increments, and checking whether 
or not it is sequential. Where the address is skipped, 
OO or FF data enters hexadecimally. A printed exam- 
ple on paper tape for the HMCS6800 load module 
mode is as follows: 


Header Record ~S00B000058204558414D504CB5 


Data Record 


Data Record 
End of 


File Record >S9030000FC 


(3) In case the address is skipped, it should be en- 
tered into the “ROM Specification Identification 
Sheet” that the skipped address and data (O00 or 
FF) entered into the skipped address by hexade- 
cimal notation. 

2.5.2 BNPF Mode 

(1} One word is symbolized by the word start mark 
B, the bit content represented by 8 characters of 
P and N, and the BNPF slice composed of suc- 
cessive 10 characters of the word end mark F. 

(2) The contents from F of one BNPF slice up to B of 
the next BNPF slice are ignored. The code of AA 
by hexadecimal notation is symbolized in the ex- 
ample shown below. 

2.5.3 The bit pattern (PNPF slice) must be desig- 

nated on all ROM addresses. Therefore, the 
ROM head address is 0 on the “ROM Specifi- 
cation Identification Sheet.” 


Beri Nossa Shae bea Indicates starts of 1 word. 

Neikie wears Indicates “O” of 1 bit data. 

Pieguc GAG eed sds Indicates 1” of 1 bit data. 

Reaits eed bi oer f es Indicates end of 1 word. 
Example 





| MZZZUZZZ00 MA UAV AZA UA UW F 





~SILI3FOOO0O7EFS5S587EF7897EFAA77EF9CO7EFOC47E2 4 
>SLI2FOL0FA657EFA8B7EFAAO07EFO9DC7EFA247E06 





3. Specification of Floppy Disk 
3.1 Use the following type of Floppy Disk 
(1) Type . 8 Inch Single Sided and Single Density. 





(2) Number of Sector...........2.000- 26 
(3) Number of Track ........... Paw eas 77 
Sector 26 
Sector 01 
Sector 02 
Sector 21 
Sector 03 
/ \" 
Sector 16 ; 
Track 74 
One Record 


Track 00 
(Index - Track) 


3.2 Use the EBCDIC code as the use code. 

3.3 Make the format of the floppy disk as des- 
cribed below. 

(1) Composition 


Location 


Item 
Standard Volume Label | 00 | 
Standard Head Label 00 | 


Sector 


Alternal Track 75, 76 


00 
Spare Track 
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Mask ROM Programming Instruction 


(2) Record size ............ 80 byte/1 record 3.4 Data Mode 
(3) Use the sector as below. Use one sector for one See 2.5 
record, that is 80 bytes out of 128 bytes used 
for one record. 


1 Track 





Sector 25 Sector 26 


Sector 1 Sector 2 Sector 3 Sector 24 
(128 bytes) (128 bytes) 















(128 bytes) (128 bytes) (128 bytes) (128 bytes) 
Record 25 Record 26 


Record 1 Record 2 Record 3 Record 24 
(80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) 


Mask ROM Development Flowchart : unuse 
Zh 


Cataer 










ROM Code “Customer 
ROM [ ROM Code | Part Number’ 
List Chip Select 
and Other 







Select Either 


of the three Information 








Mask Preparation 
Instruction 


Mask Preparation 


Investion 


Pattern OK 
Check 
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DAI 
SHEETS 








* Mis STAC BAM 


a rns re eee ee 





HM6116-2, HM6116-3, HM6116-4-__— 
HM6116P-2, HM6116P-3, HMG6116P-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MIFEATURES HM6116-2, HM6116-3, 
@ Single 5V Supply and High Density 24 Pin Package HM6116-4 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation Operation: 180mW (typ.) 
e@ Completely Static RAM: No clock or Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 
@ Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 


HM6116P-2, HM6116P-3, 
HM6116P-4 


Memory Matrix 


128 x 128 


(DP-24) 


PIN ARRANGEMENT 





MABSOLUTE MAXIMUM RATINGS 





Voltage on Any Pin Relative to GND Vv 
Operating Temperature CG 
Storage Temperature (Plastic) Cc 
Storage Temperature (Ceramic) Cc 
Temperature Under Bias Cc 
Power Dissipation Pr f10 | W 


* Pulse Width 50ns : —3.5V 


(Top View! 


MTRUTH TABLE 


mare 
oe oe 
Ser ae 
















Ref. Cycle 





Cer es Cae ee Ray ee 
ee en Wa ed 
ake Fea Oe es a Oe 
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Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 












HM6116-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 16P-4 


MERECOMMENDED DC OPERATING CONDITIONS (Ta~0 to +70°C) 


Supply Voltage 


Input Voltage 





*® Pulse Width: 50ns, DC: Vi. min=—0.3V 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70°C) 


: ae or HM6116/P-2 HM6116/P-3/-4 7 
tem ym est nditions nit 
Input Leakage Current Vec=5.5V, Vis=GND to Vec 


CS=Vin or OF = Vin, 
Output Leak Cc t I 
put Leakage Curren | Iro | Vio<GND to Vec = | 


Tec CS=Vii, [Leo=0mA 


Vin=3.5V, Vic=0.6V, 
To~=0mA 


Operating Power Supply 


Current Icci** 


Average Operating Current Icc2 Min. cycle, duty = 100% 


=< 


mA 
Standby Power Suppl — 
? 7 ee CS2 Vec—0.2V, Vin2 Vec 
Current Tsai mA 
—0.2V or V,,30.2V 
pe pete tM} V 
‘OL 


Seem (Ear (Recta eee call asl cl 
| Von |tovm1.oma | 2 | | ~ J 2a | -] =] v 


Output Voltage 


* Vec5V, Ta=25°C 
**® Reference Only 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cz = 100pF (including scope and jig) 


@READ CYCLE 


| min | max | min | max [min | max 
Saray a ee ee oe ee ee 
Output Enable to Output Valid | te | —~— | 8 | — | 10 | — | 120 | ns 
Output Enable to Output in Low Z | toe | 1 | — [| 1 | -— | 1 | — | ns 
Chip Deselection to Output in High Z | tere | 0 | 4 | 0 | 50 {| 0 | 60 | ns 
Chip Disable to Output in High Z | toe | 0 | 40 | 0 | 5so | oo | 60 | ns 
Output Hold from Address Change | tw» | wo | — [| 1 | — {[ 1 | — | ns 
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HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 16P-4 


@WRITE CYCLE 


rote [in [i [in [| in 


| max 
Write Cycle Time | tw | iz {| | so | | 0 | = ts 
Chip Selection to End of Write ae hae Saas eee ee 
Address Valid to End of Write a ee ee 
Address Set Up Time ae ee ae ee ee eee 
Write Pulse Width pce os AO ee es SO, NO ee | 
Write Recovery Time aaa Lae a ee a es ee 
Output Disable to Output in High Z| tovz | 0 | 40 | 0 | 50 | o | 60 | os 
Write to Output in High Z | 6 | o | 6 | ns 
Data to Write Time Overlap | 6 | — | ns 


ae ee ee a 
Pe ES ee ee eee 

Data Hold from Write Time ee a ae ee ee ee ee 
ee se a es ee ee 


Output Active from End of Write 





a AS a Oe 
era ae Pe 


Note) This parameter is sampled and not 100% tested. 


MITIMING WAVEFORM 
@READ CYCLE (1)‘” 


To MYTTZZZ 


tor ton 


tac 


@READ CYCLE (2)‘?°?“® 














Input Capacitance 
Input/Output Capacitance 





ZS 
rm 


Address 


ton 


Dout 


@READ CYCLE (3)‘?°?“? 


ts 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vz,. 
3. Address Valid prior to or coincident with CS transition Low. 


4. OE= Vii. 
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HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 1 6P-4 


WRITE CYCLE (1) 


tw 


LLH RAAAA 
& - NOG ALLL LLL. 


Address 


sy 
= 
my 





Dout S-S-S-5-5-35 


@WRITE CYCLE (2)“°” 


tac: 


se VAIV\\\\ TA IGS: 
we EN: 


twa(2) 


ta . (3) (6) (7) 
twz 

a TVNNNNNNN NUNN sab LSINLSZN 

PID I TIT TZ 2a OW? 
¥ tol 
tow td (8) 
Din 
NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 


1 

2. twR is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state, 

. OF is continuously low. (OE = V7) 

- Dout is the same phase of write data of this write cycle. 

- Dogt is the read data of next address. 
if ue is Low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


WOIAYUW 
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Supply Current Icc.Jcc2(Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa.tacs (Normalized) 





SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





45 4.75 5.0 5.25 
Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 





Load Capacitance Cy (pF) 


HM61 16-2,HM61 16-3,HM61 16-4,HM61 16P-2,HM61 1 6P-3,HM61 16P-4 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Supply Current Icc,Jcc2 (Normalized) 





Ambient Temparature Ta (’C' 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Access Time taa,tacs( Normalized) 





Ambient Temperature Ta (’C} 


SUPPLY CURRENT 
vs. FREQUENCY 


Supply Current Iccz (Normalized) 





Frequency f (MHz) 
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HM61 16-2,HM61 16-3,HM61 16-4,HM61 1 6P-2,HM61 1 6P-3,HM61 16P-4 


LOW INPUT VOLTAGE HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Low Input Voltage Vit(Normalized) 
High Input Voltage Vin( Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT CURRENT OUTPUT CURRENT 
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE 


Output Current Jow{Normalized) 
Output Current Joz(Normalized) 





Output Voltage Vow (V) Output Voltage Vor (V) 
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HM6G116GFP-2, HM611GFP-3; 
HM6116GFP-4 


2048-word x 8-bit High Speed Static CMOS RAM 





MFEATURES 

@ High Density Small-Sized Package 

@ Projection Area Reduced to One-Thirds of Conventional DIP 

@ Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby Standby:  100uW (typ.) 
@ Low Power Operation; Operation: 180mW (typ.) 
@ Completely Static RAM: No clock nor Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 

@ Equal Access and Cycle Time 

MFUNCTIONAL BLOCK DIAGRAM 





MPIN ARRANGEMENT 


Memory Matrix 


128 x 128 





(Top View) 





—0.5* to +7.0 





* Pulse Width 50ns: —3.5V 


MTRUTH TABLE 


Read Cycle(1)~(3) 
Write Cycle(1) 
Write Cycle(2) 
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HM61 16FP-2,HM61 16FP-3,HM61 16FP-4 


HBRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 








Supply Voltage 


Input Voltage 


* Pulse Width: 50ns, DC: Vi. min=—0.3V 


HDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, GND=O0V, Ta=0 to +70°C) 


r re ates HM6116FP-2 HMGLIGFP-3/-4 | 
em ym es naitions ni 
er a net oe te 


Input Leakage Current oe Vec=5.5V, Va=GND to Vee | — | — | HA 
CS=Vin or OEF= Vin 
Ou Leakage C t A 
ne B ei | Ice | CS= Vn, I,o™0mA mA 
ratin ower Supply 
bs . Vin=3.5V, Vir=0.6V, 
Current Icci** mA 
Tio=0mA 
Average Operating Current iis Bimscicle, duty = 100% mA 
mA 
Standby Power Supply 
= Vec—0.2V, Vin Vee 
Current Isai mA 
—0.2V or V..80.2V 
v 
Output Voltage Tou2.1mA ar ee eae V 
a Lon=—1.0mA Ere a eee eee ee 


* VecmSV, Ta=25°C 
* Reference Only 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@READ CYCLE 


4 
Address Access Time jot | = | a | - | 0 | - | 2 | 
Chip Select Access Time | tes | = | 1 | - | 10 | - | 20 | ns 
Chip Selection to Output in Low Z | tee | 109 | — {| 1 | — | 185 | — | ne 
Output Enable to Output Valid [te | - | | ~- | 1 | ~- | wo | ss 
Output Enable to Output in Low Z | tue | 10 | — | 18 | — | 5 | — | os 
Chip Deselection to Output in High Z | teez { 0 | 40 | o {| 5o | 0 | 6o | hig 
Chip Disable to Output in High Z | tors | 0 | 40 | 0 | so | o | 6 | os 
Output Hold from Address Change | tw = [ wo [| — | 3 | - | 1 | — | = 
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HM6116FP-2,HM61 1 6FP-3,HM61 16FP-4 


@WRITE CYCLE 


: een HM6116FP-2 HM6116FP-3 HM6116F P-4 ei 
oF me | in max = 
Write Cycle Time 


Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


= 


wo | ow 
= is) 

x x 

o 


—) 


waa 

o;o 
s 
a 


MECAPACITANCE (f=1MHz, Ta=25°C) 


Saba 


Input/Output Capacitance Cio 


Input ‘Capacitance 





Note) This parameter is sampled and not 100% tested. 


MITIMING WAVEFORM 
@READ CYCLE (1)‘” 


EUS KYTZZZ 
ANT a ~|_eyzriz 


@ READ CYCLE (2)‘”°?“ 


| 


m7 


al 


Address 





Dout 


@READ CYCLE (3)‘?°“” 


Cs 


tacs, 


tonz 
tCLZ 
Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V7,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vy. 
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HM61 1 6FP-2,HM61 1 6FP-3,HM61 16FP-44._—@£@4@@—H cc —— ——_ 


MTIMING WAVEFORM 


@WRITE CYCLE (1)‘” 


Address 


ra 


| 


Dour 


Din 


@WRITE CYCLE (2) 


Address 


NOTES: 


56 


AAKAAAAS 





| mane 


tonz—— me) 
tw 


VSS SSS 
LL LLL LS 


tow tow 


tae 


taal 2? 


yO LIV7ZTITLZLZ 


FANN! 


CW HZ 


tan 
t . 
i (3) 163 (7) 


SSNSSS SS SSS SST 0 LVINAALDAS 
LL Ni hehhenhekeandk Lh hend—$ CZYRLZAZ 


> Ww NE 


GOAN 


. If 


tw ton (a) 


. A write occurs during the overlap (typ) of a low CS and a low WE. 
. twr is measured from the earlier of CS or WE going high to the end 


of write cycle. 


. During this period, I/O pins are in the output state so that the input 


signals of opposite phase to the outputs must not be applied. 


. If the CS low transition ‘occurs simultaneously with the WE low 


transitions or after the WE transition, output remain in a high 
impedance state. 
OE is continuously low. (OE = V7z) 


. Doyt is the same phase of write data of this write cycle. 


Dout is the read data of next address. 

ts is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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: ly C t Tech i 
Aacele ies dadivatal eiwalied) Supply Current Icc,fcce( Normalized) 


Access Time taa,tacs (Normalized) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vee (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 


Load Capacitance Cz (pF) 
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Access Time taa,tacs (Normalized)! tSupply Current Icc,fcc2( Normalized) 


Supply Current Icc2(Normalized) 


HM61 16FP-2,HM61 16FP-3,HM61 16FP-4 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ts (°C) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT 
vs. FREQUENCY 





Frequency f (MHz) 
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HMG6116CG-2, HM6116CG-3, 
HM6116CG-4 


2048-word < 8-bit High Speed Static CMOS RAM 


@ FEATURES 

@ Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier 

® High speed. Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation Operation: 180mW (typ.) 


@ Completely Static RAM: No Clock or Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 





——0 Vee PIN ARRANGEMENT 


© GND A; NC NC NC Vee NC NC 
a a [3 
us a 






Memory Matrix 


128X128 






eg F 

roto 
£ amy nap toa Mery 
ho be bt aw as 


ig 
tet Os 
iy 


ee. 9 





Input ! 
Column Decoder atin 





Data 
Control 






2 

io) 
i 

tow 


—: ' 
dee (NH fob esd Ss 
os 


Vor 1 





VO 


102 1/03GND NC [0.1051 06 


(Top View) 















ee 
eee a 








Operating Temperature 






Storage Temperature 
Temperature Under Bias 


Power Dissipation _ 





* Pulse Width 50ns : —3.5V 
WTRUTH TABLE 


| OE | WE | Mode |e Current | W/O Pin_|__—Ref. Cycle 


Not Selected 


a a ee ee Read Cycle (1)~(3) 
Be ewe ae oe Write Cyele (2) 
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HM6116CG-2,HM61 16CG-3,HM6116CG-4 


MBRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 






Supply Voltage 







Input Voltage 





* Pulse Width: 50ns, DC : Viz min= —0.3V 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=OV, Ta=0 to +70°C) 


I Symbol Test Cond HM6116CG-2 HM6116CG-3/-4 ij 
tens ym est Conditions m1 
j_min_| type | max | min_| ype 


Input Leakage Current { Tur | Veco=5.5V, Vin=GND to Vec | -~ | —j| wi] —} —| BA 
CS=Vin or OE=Vin, 
Output Leakage Current | Izo | BA 





Vio=GND to Vec 


CS=Viz, I1o=0mA 


Vin=3.5V, Vir=0.6V, 


— 
oS 


> 


Operating Power Supply 


Current Ice: ** iA 


TLo=0mA 


Average Operating Current Iccz Min. cycle, duty = 100% 


x 


mA 
mA 


Standby Power Supply 


CS2Vec—0.2V, Vase Vec 


Current Isp; 


—0.2V or Vi. 80.2V 
Ioc=4mA 


Tou. =2.1mA 
Tou=—1.0mA 





<[< 


Output Voltage 


< 


5 


* Veo5V, Ta 25°C 
** Reference Only 


BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fal! Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@READ CYCLE 


Address Access Time taa | -— | wo | — | 150 | — | 200 | ns 
Chip Selection to Output in Low Z | tuz | 1 | — | 1 | — | 5 | — | ns 
Output Enable to Output Valid | toe | — | 8 [| — | 10 | — | 12 | ns 
Output Enable to Output in Low Z | toe | 1 | — [| 15 | | ow | | ns 
Chip Deselection to Output in High Z —————eEe ns 
Chip Disable to Output in High Z | tow | 0 | 4 | o [| so | o | oo | ns 
Output Hold from Address Change tou | 1 | — | 3 | -— [ 3 | - | ns 
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HM6116CG-2,HM61 16CG-3,HM6116CG-4 


@WRITE CYCLE 


I 


Write Cycle Time 


Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 


Write Pulse Width 
Write Recovery Ti 


Output Disable to Output in High Z 


Write to Output in 


Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


HM6116CG-2 HM6116CG-3 HM6116CG~4 
tem Symbo 


me 


High Z 


MICAPACITANCE (f=1MHz, Ta=25'C) 


Item 
Input Capacitance 


| Symbol | __Test Conditions | __typ_ | max | Unit 
sie ee ON <a ee BE 


Input/Output Capacitance | Cro | om OV | 


Note) This parameter is 


sampled and not 100% tested. 


HTIMING WAVEFORM 
@READ CYCLE (1)‘” 


tne 


WRSEET KYTZZZ 


tor to# 


oo a AVL ALS 


tacts 


= ea! 
: “XK XX) 


= 
™ 


@ READ CYCLE (2)‘?°?“” 


tac 


Address 


taa 
ton 


ton 


Dout 


@ READ CYCLE (3)‘°?“” 


60 


cs 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vz,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= V7. 
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Cc 
=: 
o 


HM 61 16CG-2, HM6116CG-3, HM6116CG-4 


WRITE CYCLE (1)‘” 


Address 


Dout 


@WRITE CYCLE (2)‘° 


Address 


NOTES: 





Bass. 


tonz 


SS 353533 
L£LLLLLS/ 


twa(2) 


SSeaue IVAITL LL 
eS NN - : 


: twuz (3) (6) (7) 


tow 
SASS ASNASN NAN SSA LN\INANZS 
(LLALLLLALLSL LS NZAI'NLAZ 


(8) 


. A write occurs during the overlap (twp) of a low CS and a low WE. 

- fwR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

. OF is continuously low. (OE = Vz) 

- Dout is the same phase of write data of this write cycle. 

- Dout is the read data of next address. 

If a is Low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 

not be applied to them. 


> WwW Ne 


CAIRDW 
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HM6116L-2, HM6116L-3, 
HM6116L-4 


2048-word X 8-bit High Speed Static CMOS RAM 


@ FEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 
Low Power Standby and Standby: 20uW (typ.) 

e@ Low Power Operation; Operation: 160mW (typ.) 

e@ Completely Static RAM: Noclock nor Timing Strobe Required 

e@ Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

e@ Equal Access and Cycle Time 

e Capability of Battery Back up Operation 





M FUNCTIONAL BLOCK DIAGRAM 
Row 
Decoder 

mz 


4 Column 1/0 


Column Decoder 





—0 hee 












Memory Matrix 






——O GND 
@PIN ARRANGEMENT 


128X128 











1/010 


Input 






Data 





Control 





(Top View) 


Syabel 
—0.5* to +7.0 


Operating Temperature 0 to +70 


Storage Temperature —65 to +150 


Temperature Under Bias —10 to +85 


% Pulse Width 50ns : —3.5V 





WMTRUTH TABLE 
cs Ref. Cycle 






Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 
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HM6116L-2, HM6116L-3, HM6116L-4 


MRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 






Supply Voltage 







Input Voltage 


%* Pulse Width: 50ns, DC: Vi. min=—0.3V 


MOC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=O0V, Ta=0 to +70°C) 


a 2 HM6116L-3/-4 
Item Symbol Test Conditions : Unit 
typ 


Input Leakage Current | Tord Vec=5.5V, Via=GND to Vec KA 


CS=Vm or OF =Vin, 
Output Leakage Current | [10 | Vi.o=GND to Vec 


CS=Vin, I1o=0mA 


Vin =3.5V, Vir =0.6V, 
I_o=0mA 


Average Operating Current Tece min. siege, duty = 100% = | 


HA 


Operating Power Supply 


Current Teci** mA 


mA 


a 
al 
< 
= 


I CS2Vec —0.2V, Va2ZzVec — 
ike 0.2V or V..S0.2V 


Standby Power Supply 


Current HA 


Output Voltage Tor=2.1mA 


* 5 Veco=5V, Ta=25°C 
%* *® | Reference Only 


5 


MAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@READ CYCLE 


pee oee dee 
=a [= 
cs a 
aso [ao 


ns 


Item Symbol 


eae ee 
Read Cycle Time | tee | 120 | 
Address Access Time | ota | ft | 
Chip Select Access Time | tas | — | 120 | 
Chip Selection to Output in Low Z | teauz | 1 | — | 
Output Enable to Output Valid | to) =6| 6 | to ns 
Output Enable to Output in Low Z | toe | 10 | — | ns 
Chip deselection to Output in High Z | tere | 0 fl 
Chip Disable to Output in High Z | tone | 0 | 

| tw | oo | | 


Output Hold from Address Change 


| 50 | | 60 | ns 
| 50 | 60 | ns 


(ie eS 
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HM6116L-2,HM61 16L-3,HM61 16L-4 


@WRITE CYCLE 


fe an 
Write Cycle Tine eee ee ae eee 
Chip Selection to End of Write eae See 
Address Valid to End of Write | tm | tos | — [wo | — | wo [| — [18 
Address Set Up Time rf wo | > | «of - | «| - | 
Write Pulse Width 0 — | a | = [ 

(ee Be 

Same ae Re TT 
eT 
za 
10 
ee ea 


Write Recovery Time | twe | 
Output Disable to Output in High Z ) towz | 0 | 
Write to Output in High Z | twz =| 0 | 
Data to Write Time Overlap | tow | 88 
Data Hold from Write Time | tow 
Output Active from End of Write | tow | 


ns 


C= [= 





Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 


@Read Cycle (1) ‘"’ 


SERUERT | VYTTZZ 


tos tow 


— 


@Read Cycle (2) ‘°°? 


S 
m 


al 


tats 


Address 





Dout 


@Read Cycle (3) “1° 


Cs 





Dout 


NOTES: 1. WE is High for Read Cycle. = 
2. Device is continuously selected, CS = V7,. 


3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vin- 
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HM61 16L-2,HM611 6L-3,HM6116L-4 


tw 


PAAAN 


@Write Cycle (1) 


cs 


. r¥XNN 


Dout \_-S-S-S-5—S-S 
LLL 





@Write Cycle (2) °° 


Address 





transition, output remain in a high impedance 


NOTES: 1. A write occurs during the overlap (twp) of a 
* State. 


low CS and a low WE. 


2. twp is measured from the earlier of CS or WE 5. OF is continuously low. (OE = Vz) 

going high to the end of write cycle. 6. Doyt is the same phase of write data of this 
3. During this period, I/O pins are in the output write cycle. 

state so that the input signals of opposite 7. Doyz is the read data of next address. 

phase to the outputs must not be applied. 8. If es is Low during this period, I/O pins are 
4. If the CS low transition occurs simultaneously in the output state. Then the data input 

with the WE low transitions, or after the WE ; signals of opposite phase to the outputs must 


not be applied to them. 
HILOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


CS2 Vee -0.2V, Vie2Vec —0.2V or Vin $0.2V 


Vec=3.0V, CS22.8V, Vi 22.8V or Vin $0.2V 
* Vi=—0.3V min. 


is See Retention Waveform 
**& tecmRead Cycle Time. 


@Low Vcc Data Retention Waveform 





















Vcc for Data Retention 
Data Retention Current 
Chip Deselect to Data Retention Time 


Operation Reéovery Time 













Data Retention Mode 





TS2 Vor—0.2V 


cs 


oVv—-— —~— —~ — — ~~ ~~ ee Oe rrr ce re a 
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HM61 16L-2,HM61 1 6L-3,HM61 16L-4 


66 


Supply Current Icc,/ccz (Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa, tacs( Normalized) 











SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current Icc,/cc2(Normal ized) 





Supply Voltage Vec (V) Ambient Temperature Ta (‘C) 
ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (‘C) 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


ee ae ee 
ca ae 


Te=25°C 
Vcc=MIN 


Supply Current Icc2( Normalized) 





Load Capacitance Cz (pF) Frequency f (MHz) 
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Low Input Voltage Viz (Normalized) 


Output Current Jow#(Normalized) 


Standby Current Isai (A) 


LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 





Output Voltage Vow (V) 


STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C} 





High Input Voltage Vin( Normalized) 


Output Current Joz(Normalized) 


Standby Current /sai(Normalized) 
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HM61 16L-2,HM6116L-3,HM6116L-4 


HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 





Output Voltage Vor (V) 


STANDBY CURRENT vs. 
SUPPLY VOLTAGE 


Ta=25°C 
CS= Vee -0.2V 


Supply Voltage Vec (V) 
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HM61 16L-2,HM61 1 6L-3,HM61 16L-4 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


Standby Current Isai (mA) 





Input Voltage Vi. (V) 
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HM6116LP-2, HM6116LP-3, ——_—__— 
HM6116LP-4 


2048-word X 8-bit High Speed Static CMOS RAM 


M FEATURES 

@ Single 5V Supply and High Density 24 Pin Package 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 10uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 

e@ Completely Static RAM: Noclock nor Timing Strobe Required 

e Directly TTL Compatible: All Input and Output 

@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 

@ Equal Access and Cycle Time 

@ Capability of Battery Back up Operation 





MIFUNCTIONAL BLOCK DIAGRAM (DP-24) 
—0 Vee 

Row 

Decoder 


Input 





PIN ARRANGEMENT 






Memory Matrix 


——O GND 


128 X 128 





1/00 







Data 


Contro} 










(Top View) 


—0.5* to +7.0 


Operating Temperature 
; Storage Temperature : 
Temperature Under Bias 1 
Power Dissipation ne 


% Pulse Width 50ns: —3.5V 





MTRUTH TABLE 


[OE | WE [wee «SCV Games | «OP sd 
a 7 
a KT 

Pits to in Write Ce 





Ref. Cycle 
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HM6116LP-2,HM61 1 6LP-3,HM61 1 6LP-4 


Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 








Supply Voltage 


Input Voltage 


* Pulse Width: 50ns, DC: Vic min= -0.3V 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=0 to +70°C) 


HM6116LP-2 HM6116LP-3/-4 
Item Symbol Test Conditions 7 Unit 
t 


| min | opt | 

Input Leakage Current 1 fur] Veco =5.5V, Vina=GND to Vec | — | = | 
CS=Vin or OE=Vin, 

Output Leakage Current | Teo | V,.o=GND to Vec } - | | 


KA 


= 
ann 
een 
=aace 

Me 


uw cat 


Operating Power Supply a CS=Viey T1-0=OmA ese aor | Ree mA 
eran oo fie [= P= TT P= To 
t.o= 

Average Operating Current Icc2 min. cycle, duty = 100% | — | 3 | 7m { — [ 30 | mA 

ees 1 | 68=¥s | -~ | #] ew] -f 4] 2 im 

Current Ts CS2Vcc —0.2V, V..2 Vec mane A 
a 0.2V or V.nS0.2V ‘a 

Bo 6 NA aaa i Oe air 

eer sete [oe oe fee 


* Vee =5V, Ta = 25°C 3% 
* * ° Reference Only 


MAC CHARACTERISTICS (Vec=5V +10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@READ CYCLE 


HM6116LP-2 HM6116LP-3 HM6116LP-4 
Symbol Unit 


ns 


Item 


Read Cycle Time 

Address Access Time ns 
Chip Select Access Time tacs ns 
Chip Selection to Output in Low Z terz ns 


Output Enable to Output Valid ns 


~ 
w 
ie) 


Output Enable to Output in Low Z torz ns 
Chip Deselection to Output in High Z tcuz ns 
Chip Disable to Output in High Z touz ns 
Output Hold from Address Change tou ns 
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HM6116LP-2,HM6116LP-3,HM6116LP-4 





@WRITE CYCLE 


5 eit] 
Write Gye Tim ee ee ean 
Chip Selection to End of Write tow | 7 | — | #@ | — {| 10 [| — | ns 
Raines Wall eat gs ef er 
Address Set Up Tine rr mC a el a 
Write Pulse Wid RE eS a REIGN PO a 
Output Disable to Output in High Z [tone | 9 [ 4 [| 0 [| so [| o | 6 | ns 
Write Output in High Z a TO 
Data to Write Tine Ovelp Ie a Gee a GS kT 
Date Hold from Write Tine ee = a le 


MI CAPACITANCE (f=1MHz, Ta=25°C) 


[oe es Wee a 
ca a CA 


Note) This parameter is sampled and not 100% tested. 


MTIMING WAVEFORM 
@Read Cycle (1) ‘? 


REREUNO KYTZZZ 


tor tow 


\AS mae AVI LALS 
ha 


tacs 


ae 


@Read Cycle (2) ‘' 











Input Capacitance 









Input/Output Capacitance 





= 


al 


Address 





Dout 


@Read Cycle (3) “° “ 


cs 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vz,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Vy. 
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HM6116LP-2,HM61 16LP-3,HM61 16LP-4 


@Write Cycle (1) twe 
[aaa ==" 
vE \/ 
ts 





. r¥X\\\ 


Dout SS SSS SS 


@Write Cycle (2) ‘” 


5 a(2) 


TA ALY TTT TT77 


cs 
WE 
mas twnz (3) (6} (7) 
ce SSS SSS it LKANGSZS 
Ti LALLLLL LLL S AZAR LAAZ 
ti 
tow ‘ON (8) 
Din 
NOTES: 1. A write occurs during the overlap (twp) of a transition, output remain in a high impedance 
low CS and a low WE. Ses state. 
2. twr is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V7z) 
going high to the end of write cycle. 6. Dout is the same phase of write data of this 
3. During this period, I/O pins are in the output write cycle. 
State so that the input signals of opposite 7. Doyt is the read data of next address. 
phase to the outputs must not be applied. 8. f° CS i is Low during this period, I/O pins are 
4. If the CS low transition occurs simultaneously in the output state. Then the data input 
with the WE low transitions or after the WE signals of opposite phase to the outputs must 


not be applied to them. 
MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


[Somtot |____Tewt Gonttins [ns | ow | om | 








Vcc for Data .Retention Vor CS2Vcc —0.2V, Vie2Vec —0.2V or Vi.S0.2V]} 2.0 | 
Data Retention Current * | Vec=3.0V, CS22.8V, V..22.8V or oa 
Chip Deselect to Data Retention Time ——— 


See Retention Waveform 
Operation Recovery Time Erase 


* 104A max at Te=0T to +40T, Vi. min=—0.3V 
** te ~Read Cycle Time. 





@Low Vcc Data Retention Waveform 
Data Retention Mode 


CS2 Vor—0.2V 
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Supply Current Icc,Jcce (Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa,.tacs (Normalized) 














SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 


Supply Current Icc,fcc2(Normal ized) 


Supply Voltage Vcc (V) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 


Access Time taa,tacs (Normalized) 


Supply Voltage Vee (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Supply Currept Iccz(Normalized) 


Load Capacitance Cz (pF) 
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HM6116LP-2,HM61 1 6LP-3,HM61 1 6LP-4 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency f (MHz) 
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HM61 16LP-2,HM61 1 6LP-3,HM61 1 6LP-4 


LOW INPUT VOLTAGE vs. HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage Vii (Normalized) 
High Input Voltage Viw( Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vec (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Current Jon( Normalized) 
Output Current Jo.(Normalized) 





Output Voltage Vow (V) Output Voltage Vor (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


CS=2.8V 


0.8 ee a 
Ta=25°C 
CS= Vee —-0.2V 
2 


0.2 
3 4 § 6 
Ambient Temperature Ta (‘C) Supply Voltage Vcc (V) 


06 





Standby Current Isa: (A) 
Standby Current Iss: (Normalized) 





74 @ HITACHI 


Standby Current Isai (mA) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 


1 2 3 re 5 


Input Voltage Vie (V) 
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HM6116LP-2,HM61 1 6LP-3,HM61 16LP-4 
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HM6116GLFP-2,iM6116GLFP-3, 
HMG1iGLFP-4 


2048-word x 8-bit High Speed Static CMOS RAM 


MIFEATURES 

@ High Density Small-sized Package 

@ Projection Area Reduced to One-Thirds of Conventional DIP 

@ Thickness Reduced to a Half of Conventionaj DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 10uW (typ.) 
Low Power Operation; Operation: 160mW (typ.) 


Completely Static RAM: No Clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time 

Capability of Battery Back up Operation 


MFUNCTIONAL BLOCK DIAGRAM EPIN ARRANGEMENT 


Row 
Decoder 


1/00 a Column 1/0 


Input 


(FP-24) 








—O vec 












Memory Matrix 


———-O GND 


128 X 128 














| Column Decoder —_| Decoder 





Data 










Contro! 





(Top View) 


MABSOLUTE MAXIMUM RATINGS 


[ra a 
ee eae 
ee ee 










Voltage on Any Pin Relative to GND 









Operating Temperature 






Storage Temperature 





Temperature Under Bias 









Power Dissipation 


* Pulse width 50ns : —3.5V 
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HM61 1 6LFP-2,HM61 1 6LFP-3,HM6116LFP-4 


MTRUTH TABLE 


I/O Pin Ref. Cycle 





Item Unit 
Vv 
Supply Voltage V 
Vv 
Input Voltage Vv 





* Pulse Width: 50ns, DC: Vi. min= —0.3V. 


HIDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, GND=0V, Ta=0 to +70°C) 


— a 
rae Poe [Pe To To 
Input Leakage Current Vec=5.5V, Vina=GND to Vec fF — | 27 —] -— [| 2] HA 


CS=Vin or OE=Vin, 





Output Leak Cc t Tho : A 

utput Leakage Currnn | Ino | oat “GND to Vee 7) 
lIcc | CS=V I,-o=OmA 70 mA 

a TO P=—s Pe t= Tete] 

; Vin=3.5V,, Viz=0.6V, 

Current Iec.** mA 
I; o=QmA 

Average Operating Current Min cycle, duty=100% | — | 35 | 7 | — | 30 | mA 

ee ee ee mA 


Standby: Power Supply 
Bn ae me ee CS2Vec—0.2V, Va2Vec 
Current isi BA 
Be —0.2V or VaS0.2V 
ag eee He Es : 
OL 


Output Voltage ee a eel en ee eee 
[Vow [tow==1.0ma | ae | = | = | te | ~ | ~ dV 





* > Veo 5V, Ta 25°C 
* * > Reference Only 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

tnput and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig) 


@READ CYCLE 


- 
ec are [max | min | max 

Read Cycle Tine (ed ON TO 
Address Access Tine Cae SS OR 
Chip Select Access Tin 7 
Gn kien on meee. ene te eee 
Oupat Enable to Outpat Val a ae A ET 
asd Ennis Gamay 2 ool ep fe) ee ee 
Chip deselection to Output in High Z | teez | 0 | 40 [ 0 [| 50 | 0 | 60 | ns 
Chip Disable to Output in High Z | tone | Oo | to | lo Ts 
Output Hold from Address Change ae ea a a Ce a a a en 


@ HITACHI 77 


HM61 16LFP-2,HM61 16LFP-3,HM61 1 6LFP-4 


@WRITE CYCLE 


‘es aa 
Write Cycle Tine Pee Se ee ae ee 
Chip Selection to End of Write Le ae | we) ae ee 
Address Valid to End of Write a CT a TO A A 
Address Set Up Tine Cae fp | = | | | 
Write Pulse Width ers ae A a RT 
Write Recovery Time Poe ee ee ee ee 
Ouipat Disable to Outpat in High Z| town | 0 | @ [0 | 5 | 0 | o [ 1 
Write to Output in High Z ee 
Data to Write Time Overlap Pie ee ee oe 
Data Hold from Write Tine eC a) MC aOR ET 
Ouput Active from End of Wie | t» | s | - | | - | | —] ™ 


MICAPACITANCE (f=1MHz, Ta~25'C) 


Input Capacitance 


Input/Output Capacitance 





Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 
@READ CYCLE (1)‘” 


Ay MVTZZZ 


ton tan 


tats 


ae | 


@READ CYCLE (2) ‘?°?” 


x 


Address 





Dout 


@READ CYCLE (3) ‘?“?“ 





Dout 


NOTES: 1. WE is High for Read Cycle — 
2. Device is continuously selected, CS= V7 7 
3. Address Valid prior to or coincident with CS 
transition Low. 
4. OE= Vip. 
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HM6116LFP-2, HM6116LFP-3,. HM6116LFP-4 


@WRITE CYCLE (1) 


Address 


@WRITE CYCLE (2) 


Address 


YS SS SS SSS 
LLLLLLL LL LLL 


Dout 





NOTES: 1. A write occurs during the overlap (twp): of a state. 


low CS and a low WE. __ __ 5. OEis continuously low. (OE = V7,) 
2. twp is measured from the earlier of CS or WE 6. Dout is the same phase of write data of this 
going high to the end of write cycle. write cycle. 
3. During this period, I/O pins are in the output 7. Dou, is the read data of next address. 
state so that the input signals of opposite 8. If a3 is Low during this period, I/O pins are 
phase to the outputs must not be applied. in the output state. Then the data input 
4, If the CS low transition occurs simultaneously signals of opposite phase to the outputs must 
with the WE low transitions or after the WE not be applied to them. 


transition, output remain in a high impedance 
LOW Vic DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


oe eo 
CS2Vecc—0.2V 
Vor 
Vin2Vcc—0.2V or VinS0.2V 
he Vec=3.0V, CS22.8V 
Iccor 
Vin22.8V or VinS0.2V 













Vec for Data Retention 









Data Retention Current 


ig eas See Retention Waveform 


* Viz min=—0.3V, 104A max (at Ta=0 to +40T) 
*® trcmRead Cycle Time. 


@Low Vcc DATA RETENTION WAVEFORM 


Data Retention Mode 


Chip Deselect to Data Retention Time 


Operation Recovery Time 
















Vor 






TS2 Vor-0.2V 


w—-——-——-—~-— ——---— —--~—~~—— ~~~ ----~- — — -— - - -- - _ 
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HMG11i6G AP- 12, HMG6G1i1G AP- 15, 
HMG116GAP-20, HM611G ASP- 12, 
HM611GASP- 15, HM6G11GASP-20 


2048-word < 8-bit High Speed Static CMOS RAM 

® FURTURES 

@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 100uW (typ.) 

Low Power Operation Operation: 15mW (typ.) (f = 1MHz) 
Single 5V Supply and High Density 24 Pin Package 

Completely Static RAM: Noclock or Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 


HM6116AP Series 






MIFUNCTIONAL BLOCK DIAGRAM 







oO Ve 
Memory Matrix ——o GND 


128X128 





Colum 10 


Column Decoder 


cS —“-_ 


al 


gl a 


MABSOLUTE MAXIMUM RATINGS 
















Voltage on Any Pin Relative to GND 
Operating Temperature 










Storage Temperature 





Temperature Under Bias —10 to +85 
Power Dissipation ae ery 
® Pulse Width SOns : —3.5V (Top View) 


M@TRUTH TABLE 


[OE WE | Mee [tae Gren [0 Pm] 
[via sh ie ome eee ee 
a De 7S 
fee ee Wee ee ee ee 







Ref. Cycle 











Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 






80 @ HITACHI 


HM6116AP-12,HM61 16AP-15,HM61 16AP-20 
HM6116ASP-1 2,HM61 16ASP-15,HM61 16ASP-20 


GRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 








Supply Voltage 


Input Voltage 


* Pulse Width: 50ns. DC? Vi. min= 0.3V 


@ DC AND OPERATING CHARACTERISTICS (Veg = SV +10%, GND = OV, Tg = 0 to +70°C) 


HM6116AP/ HM6116AP/ HM6116AP/ 
ASP-15 ASP-20 





















Item Unit 








Voo=5.5V, Vin.=GND 
to Veco 

CS=Vip or OE=V7y;, 
Viyo=GND to Voc 
CS=Vzz, 4 I7jQ=0mA 
Vin= Vie or Vir, 


Input Leakage 
Current 





Output Leakage 
Current 























Operating Power 





























Output Voltage 


Supply Current Vins=Vec, Vir=0V, 
CS=Viz, mA 
Ivo =0mA, f=1MHz 
Average Operating min. cycle, 
Current duty = 100% 
Standby Power 
Supply Current CS> Veco -0.2V 
Vou 


| Vor | IoH=-1.0mA 


* Voo=5V, Ty = 25°C 


WAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig) 


@ READ CYCLE 
































HM6116AP/ HM6116AP/ HM6116AP/ 
Item Symbol ASP-12 ASP-15 ASP-20 Unit 
min | max | min [max | min | max_| 
Read Cycle Time tre 120 - 150 - 200 _ ns 
Address Access Time taa - 120 - 150 -— 200 ns 
Chip Select Access Time | tacs | - | 120 | - | 150 _ 200 ns 
Chip Selection to Output ir Low Z | terz | 10 | - - 10 - ns 
Output Enable to Output Valid tor | = | 55 — 60 - 70 ns 
Output Enable to Output in Low Z toLz 10 - 10 — ns 
Chip Deselection to Output in High Z tcHz 0 40 0 50 0 60 ns 
Chip Disable to Output in High Z tonz 0 40 0 50 0 a0 60 ns 
Output Hold from Address Change ton | 10 | - | 15 | - | 20 - ns 
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HM6116AP-12,HM61 1 GAP-15,HM61 16AP-20 
HM61 16ASP-12,HM61 16ASP-15,HM6116ASP-20 


@ WRITE CYCLE 





HM6116AP/ HM6116AP/ 
Item Symbol ASP-12 ASP-15 





Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

- Write Pulse Width 
Write Recovery Time 
Output Disable to Output in High Z 
Write to Output in High Z 
Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 













































MECAPACITANCE (f=1MHz, Ta~25°C) 


Syne 
[apa Capacitance A A 
Input/Output Capacitance | Gro | Werv +i os ——*d 


Note) This parameter is sampled and not 100% tested. 


TIMING WAVEFORM 
@READ CYCLE (1)‘” 












tre 
Address 


TAA 


MSRERE: a Oe ws 


tOE toH 


\\S Soha AVI LALL 


tacs 


i 
is comme 6 IRE 656 





@READ CYCLE (2)‘?°?“” 


Address 





@ READ CYCLE {sje 





NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vj, . 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = Viz. 
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HM61 16AP-1 2,HM61 16AP-15,HM61 16AP-20 
HM6116ASP-12,HM61 16ASP-15,HM61 16ASP-20 


@WRITE CYCLE(1) 


Address 


GS \AKAAANK 


KAAAK 


tOHZ 


SNC NSCS 
LLLLL LS 





@WRITE CYCLE (2)‘” 


Address 





NOTES: 1. A write occurs during the overtap (twp) of a low CS and a low WE. 

2. twr is measured from the earlier of CS or WE going high to the end 

of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 
4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 
. OF is continuously low. (OE = V7) 
- Dour is the same phase of write data of this write cycle. 
- Doug is the read data of next address. 

If rai is Low during this period, 1/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


DO INN 


@ HITACHI 83 


HMG1iIGALP- 12, HM6G116 ALP- 15, 
HMG11IG ALP-20, HM611G ALSP- 12, 
HIM6G116 ALSP- 15, HM6G116 ALSP-20 


2048-word x 8-bit High Speed Static CMOS RAM 
FEATURES HM6116ALP Series 
@ High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

@ Low Power Standby and Standby: 5uW (typ.) 

Low Power Operation; Operation: 10mW (typ.) (f = 1MHz) 
Capability of Battery Back up Operation 

Single 5V Supply and High Density 24 Pin Package 

Completely Static RAM: Noclock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Pin Out Compatible with Standard 16K EPROM/MASK ROM 

Equal Access and Cycle Time 


MIFUNCTIONAL BLOCK DIAGRAM 


—oO bce 






Memory Matrix —e UND 


128 x 128 





al 


OE ° 


0 to +70 
—§5 to +125 
=10 to +85 





(Top View) 





* Pulse Width 50ns > —3.5V 


MTRUTH TABLE 


Write Cycle (2) 
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HM6116ALP-12,HM61 16ALP-1 5,HM6116ALP-20 
HM6116ALSP-12,HM61 16ALSP-15,HM61 16ALSP-20 


MM RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 






Supply Voltage 















Input Voltage 


* Pulse Width: 50ns, DC: Vii min= —0.3V 


® DC AND OPERATING CHARACTERISTICS (Vcc = SV + 10%, GND = OV, Tg = 0 to +70°C) 











HM6116ALP/ HM6116ALP/ HM6116ALP/ 
ymbol Test Condition ALSP-12 ALSP-15 ALSP-20 
[typ* | max | min | typ* | max | 










Voc=5.5V, Vin=GND 
to Voc 

CS=Vry or OE=Vyzy, 
Viyqo=GND to Veco 
CS=Vyrz, Iyjo=0mA 
Vin=Ving 01 Vip 
Vin =Vec, Vip=0V 
cS =Vrzr ; 
Iyjo=0mA, f=1MHz 


Input Leakage 


Current Wry! 





Output Leakage 


Current ULol 


SES 










Toc 






Operating Power 
Supply Current 


Icec1 5 


min. cycle, 


mci | = 


cin «st ‘1 
eS 


Average Operating 
Current 





ws 


Standby Power 
Supply Current 


Igp1 CS> Voc -0.2V 

; 
Vou | lon=-1.0mA 2.4 

* Voo=5V, Tg=25°C 


MAC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


2) 


x alo 
seeks 
Ly 


Output Voltage 


wa -— 
N 
> 





@ READ CYCLE 














Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit 
| min | max | min | max | min | max_| 
Read Cycle Time [tao [120 [ - [150 { - | 200-[ - | 0s 
Chip Select Access Time - 1200 | - [| 150 | - | 200 | ‘ns 
Chip Selection to Output in Low Z 10 Se eae eee ns 
Output Enable to Output Valid - | 55 | - | 60 | - | 70 | ns 
Output Enable to Output in Low Z OLZ Tee aoe see ns 
Guiput Hold from Address Change [fon [ 10 [= [is | - | 20 [ - | m 
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HM6116ALP-12,HM6116ALP-15,HM61 16ALP-20 
HM61 1 6ALSP-1 2,HM61 1 GALSP-15,HM61 1 6ALSP-20 


@ WRITE CYCLE 


HM6116ALP/ HM6116ALP/ HM6116ALP/ 
Item Symbol ALSP-12 ALSP-15 ALSP-20 Unit 
min 


[om |_max | min | max | min | max_| 
Write Cycle Time |_two | 120 | - | iso | - | 200 | - | os 
Chip Selection to End of Write | teow | 70 | - | 90 | - | 120 a ns 
Address Valid to End of Write 105 | - | 120 | - | 140 [ - | os 
Address Set Up Time Cee Eee ee ae ee ee ee 
Write Pulse Width ae a a a ae ee 
Write Recovery Time ae ae Da ee ee 
Output Disable to Output in High | tonz {0 | 40 | 0 | 50 | 0 | 60 | a 
Write to Output in High Z twon | 0 | 35 | 0 | 40 | 0 | $0 | ms 
Data to Write Time Overlap tow | 35 | - | 40] - | 50 | - | 
Data Hold from Waite Time tor | Oo] = | of - | o[ - | 
Output Active from End of Write tow | to | - | 10 | - [| 10 [| - | ns 


MBCAPACITANCE (f=1MHz, Ta=25°C ) 


=" 


Input Capacitance 


Input /Output Capacitance 
Note) This parameter is sampled and not 100% tested. 


MTIMING WAVEFORM 
@Read Cycle (1) 













{1] 


Address 


taAa 


MSR: ALL LLL 


CE | ton 


\\ ote AVIS ALL 
tacs pees mane 


t UN wa 
oe XK KY 
@Read Cycle (2) 
(1], [2], [4] 





@Read Cycle (3) 





NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vy,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE = Viz- 


RQ6 


HM61 1 6ALP-12,HM61 1 6ALP-15,HM6116ALP-20 
HM6116ALSP-1 2,HM61 1 GALSP-15,HM61 16ALSP-20 


@Write Cycie (1) 








@Write Cycle (2) 


(S) 
Address 





=U 
S$ 3333333333Hh 


LLLI LLL LL LLL / 





NOTES: 1. A write occurs during the overlap (twp) of a transition, output remain in a high impedance 
low CS and a low WE. Mee ae state. 
2. twr is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V7;) 
going high to the end of write cycle. 6. Dout is the same phase of write data of this 
3. During this period, I/O pins are in the output write cycle, 
state so that the input signals of opposite 7. Doyz is the read data of next address. 
phase to the outputs must not be applied. 8. If is Low during this period, I/O pins are 
4. If the CS low transition occurs simultaneously in the output state. Then the data input 
with the WE low transitions or after the WE signals of opposite phase to the outputs must 


not be applied to them. 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 















Symbol Test Conditions 


_ | min 

Vor | CS2Vec -0.2V | 2.0 | 
fae 

lal 








Vcc for Data Retention 





Vec=3.0V, CS22.8V 


See Retention Waveform 


* 10HA max at Ta=0T to +40C, Vi. min=—0.3V 
*& tx, Read Cycle Time. 


@Low Vcc Data Retention Waveform 


Data Retention Current 
Chip Deselect to Data Retention Time 





Data Retention Mode 













Vor 


22V——--—-F#—-—-—- ~—--j- -— —-—-— —-— — — — -—- -— ~~ - ~ f--- - — 
CS2 Vor—0.2V 






Wem ee eee ee eee eee _ 
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HM6117P-3,HM6117P-4 


2048-word x 8-bit High Speed Static CMOS RAM 


@FEATURES 

@ Single 5V Supply and High Density 24 pin Package. 

@ High Speed: Fast Access Time 150ns/200ns (max.) 

@ Low Power Standby and . Standby: 100uW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 


@ Completely Static RAM: Noclock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM 







——? Vec 






——e GND 






Memory Matrix 


128X 128 









Column 1/0 
Column Decoder 


As As Ato 










Control 














MASSOLUTE MAXIMUM RATINGS 


Pr 













Voltage on Any Pin Relative to GND 


Power Dissipation 









Operating Temperature 


Storage Temperature 





Temperature Under Bias 
* Pulse width 50ns : —3.5V 


MTRUTH TABLE 


[Weds | Ver Current 





c 
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(DP-24) 


MPIN ARRANGEMENT 





(Top View) 





HM6117P-3,HM61 1 7P-4 


MJRECOMMENDED DC OPERATING CONDITIONS (7Ja=0°C to +70°C) 







Supply Voltage 







Input High (logic 1) Voltage 
Input Low (logic 0) Voltage 
* Pulse width: 50ns, DC: View. = —0.3V 


MDC AND OPERATING CHARACTERISTICS (Ta=0T to +70C, Vec=5V+10%, GND=0V) 


Input Leakage Current | Tur | V.n=GND to Vec 


HA 
CE: =Vin or CE2=Vin 


ee eee et ae 
‘ 10 BA 
Vi.0o=GND to Vec 
oO ting P. Suppl ago ke Base 
Meee ee ege og a CE, =CE=Vinw hh. 0=OmA mA 
Current : DC 
Min cycle, duty=100% 
ee wae mA 
CE, =Vin, CE2=Vir 
Standby Power Supply CE: 2 Vec—0.2V, * 
Current (1): DC Vin Vec—0.2V or Viv<0.2V ‘ 
Standby Power Supply aes 
I * CE2 2 Vec—-0.2V A 
Current (2): DC ala secs " 


Outpt High Voltage [ow=—1.0mA Pee ee 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) Vitwi = —0.3V 


typ Unit 





Output Leakage Current | Ino | 


Average Operating Current Icei 


Tocus* 





MICAPACITANCE (Ta=25°C, f=1.0MHz) 


Input Capacitance 


Input/Output Capacitance 





Note) This parameter is sampled and not 100% tested. 


HMAC CHARACTERISTICS (Ta=0TC to +70C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1 TTL Gate and Cy =100pF (including scope and jig) 


@READ CYCLE 


| min] max] min max 
Chip Enable (CE:) to Output in Low Z i ee ee ee ee eee 
i EG Ginnie of oa ee oe 
Chip Disable (CE) to Output in High Z Sete ah ee ee ns 
Chip Disable (CEz) to Output in High Z ae ee ee ee ee ee ee ns 
Output Hold from Address Change | toe] Tl Tl Ee ns 
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HM6117P-3,HM6117P-4 
@TIMING WAVEFORM OF READ CYCLE 


Address 


Dout 


(Notes 1) 


mi 

AIL. 
| 

D) 





Data Valid 


NOTES: 1. WE is High for Read Cycle. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE;) to End of Write 
Chip Enable (CEz) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


HM6117P-3 
t 


we | 150 
tem | 100 
towe 


Symbol 


@ TIMING WAVEFORM OF WRITE CYCLE 





Address 





Ei 


ao 


AN 


Or 
tal 
~ 


a 


Dout 


NOTES: 1 A write occurs during the 


overlap (twp) of low CE,, 
CE, and WE. 

2. tas is measured from the 
address changes to the bigin- 
ning of the write. 

3. twR is measured from the 
earlier of CE,, CE, or WE 
going high to the end of 
write cycle. 


90 


two 


Sea RR eae IS 
ee er cemreroes 7 
A gS 








Data In Valid 


4, During this period, I/O pins 
are in the output state so 
that the input signals of 
Opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
‘after the WE transitions, out- 
put remain in a high im- 
pedance state. 
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ko 


WALBSAZ 
IV VINIVIAEN 





HM6117P-4 Unit 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


~_ 
Oo 


ns 


ns 


ns 










6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
address. mane 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 


Acheus Ties Vaa:kacel Nofealizvea) Supply Current Icc,Iccz (Normalized) 


Access Time taa,tacs( Normalized) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TiME 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


ACCESS TIME 
vs. LOAD CAPACITANCE 





Load Capacitance Cz (pF) 








Ta=25°C 
Vec=MIN 


@ HITACHI 





Supply Current Icc,Jccz(Normalized) 


Access Time taa,tacs (Normalized) 


Supply Current Icc2( Normalized) 


HM611 7P-3,HM6117P-4 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


SUPPLY CURRENT 
vs. FREQUENCY 





Frequency f (MHz) 
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HM6117P-3,HM6117P-4 


INPUT LOW VOLTAGE INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Low Input Voltage Viz (Normalized) 
High Input Voltage Via (Normalized) 





Supply Voltage Vec (V) Supply Voltage Vec (V) 
OUTPUT HIGH CURRENT OUTPUT LOW CURRENT 
vs. OUTPUT HIGH VOLTAGE vs. OUTPUT LOW VOLTAGE 


Ta=25°C 
Vec=5V 


Output Current Jow(Normalized) 
Output’ Current loz( Normalized) 





Output Voltage Vow (V) Output Voltage Vor (V) 
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HM6117FP-3,iM6117FP-4 


2048-wordX8-bit High Speed Static CMOS RAM 


@FEATURES 

® High Density Small Sized Package 

Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 


Single 5V Supply and High Density 24 pin Package. 


Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 


MFUNCTIONAL BLOCK DIAGRAM 













re —O Vic 
As Memory Matrix ——eo GND 
As 


128X 128 





Column 1/0 
Column Decode 







Control 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND 
Power Dissipation Pp Pao] 
















Operating Temperature 





Storage Temperature 
Temperature Under Bias 


* Pulse width 50ns: —3.5V 


MTRUTH TABLE 
CE | CE | WE | Mode | Vec Current _| 










PW [ x [Nat Selected Tees 
i as a = a ye 
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High Speed: Fast Access Time 150ns/200ns (max.) 
Low Power Standby and Standby: 100uW (typ.) 
Low Power Operation: Operation: 200mW (typ.) 
Completely Static RAM: No clock nor Timing Strobe Required 


MPIN ARRANGEMENT 





(Top View) 
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HM6117FP-3,HM6117FP-4 


MERECOMMENDED DC OPERATING CONDITIONS (72=0°C to +70°C) 


Supply Voltage 


Input High (logic 1) Voltage 
Input low (logic 0) Voltage Vin 


<(<jp< 


on 
=) 


* Pulse width: 50ns, DC : Vise. =—0.3V 


MOC AND OPERATING CHARACTERISTICS (Ta=0T to +70C, Vec=5V+10%, GND=0V) 





ip Uaakaes Cota V==OND to Vec eee a 

CE: =V CE. =V. 

1-0 Oo cc 
erating Power Suppl ted 

Spe ec omer Sune lee CE, =CE:=Vie, I: o=OmA mA 
Current : DC 

Mi le, duty=1009 

r= Vil, 2= VIL 
Standby Power Supply Pile CE: 2 Vec—0.2V, 56 
Current (1): DC CCl” | VivZVec—0.2V or Vivs0.2V ji 
Standby Power Supply 
Tecuz* | CEz 2 Vec—0.2V 

Current (2): DC — eye = 
Output low Voltage Tor=2.1mA [ae ee ee ee 
Ouiput High Vata (eee ba Pee ee 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) 8 View —0.3V 


MICAPACITANCE (7a=25°C, f=1.0MHz) 


3 

















Input Capacitance 
Input/Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta=0C to +70C, Vec=5V+10% unless otherwise noted) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cy = 100pF (including scope and jig) 


@READ CYCLE 


HM6117P-4 


Item 


Read Cycle Time 

Address Access Time 

Chip Enable (CE,) to Output 

Chip Enable (CEz) to Output 

Chip Enable (CE:) to Output in Low Z 
Chip Enable (CEz) to Output in Low Z 
Chip Disable (CE;) to Output in High Z 
Chip Disable (CE:) to Output in High Z 
Output Hold from Address Change 
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en HM6117P-3 
me ain] 


tre 


tcor 


tcoz 


tuzi 


tizz re 2 ds: 


| max 
ees 
| 150 
| 150 
| 150 
tiz | =e 
ez 
fi ee 


te | 0 
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Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 





@ TIMING WAVEFORM OF READ CYCLE (Notes 1) 


Address 


Dout 


L\ 





tre 





HM6117FP-3,HM61 1 7FP-4 


MLL 
Ct 





Data Valid 


NOTES: 1. WE is High for Read Cycle. 


@WRITE CYCLE 


Item 


Write Cycle Time 
Chip Enable (CE:) to End of Write 
Chip Enable (CE2) to End of Write 
Address Set Up Time 

_ Address Valid to End of Write 
Write Pulse Width 
Write Recovery Time 
Write to Output in High Z 


Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


1KM6117P-3 


hin 
twe 150 
tows 100 


= 


| min 
| 200 | 
| 120 
| 20 
| 150 | 


ied 
MULL. 


5 / 


Unit 


ns 
ns 
ns 
ns 


ns 


| oo | | to | ts 
ae ae ee ee ee ee 


twuz 


a 


ee ee ee ee ee 


@TIMING WAVEFORM OF WRITE CYCLE 


NOTES: 1. 


2. 


~~ 





Address 


[tow 
| tow | tT ts 
pes oe | NO Ae 


(3) 





tcwe 





= 
ANNAN me 








Dout 


A write occurs during the 
overlap (twp) of low CE,, 
CE, and WE. 
tg is measured from the add- 
ress changes to the biginning 
of the write. 


. twr is measured from the 


earlier of CE,, CE, or WE 
going high to the end of 
write cycle. 


ae 


RURABARARRRRRRRARERERRER 
LILLLLLILLLLLLILILLLLLL LS 


ZN 


4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
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SJ 


Zi 


tow 
( 


2) 
{NII 
LLYNZA 


to 


LJ 
| —_———_— (8) 
ex) YALALYY. 
"A 


Data In Valid 


WAVY VA 


pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. . 

7. Dout is the read data of next 
address. as 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM6117FP-3,HM61 1 7FP-4 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,fccz (Normalized) 
Supply Current Icc,Jcc2( Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


13 


Access Time taa,tacs (Normalized) 
Access Time taa,tacs(Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 


ACCESS TIME SUPPLY CURRENT. 
vs. LOAD CAPACITANCE vs. FREQUENCY 


Access Time taa,tacs (Normalized) 
Supply Current Icc2(Normatized) 





Load Capacitance Ci (pF) Frequency f (MHz) 
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Low Input Voltage Viz(Normalized) 


Output Current Jo#(Normalized) 


INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 


Supply Voltage Vcc (V) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 
16 


Output Voltage Vow (V) 








@ HITACHI 





High Input Voltage Viw( Normalized) 


Output Current Joz(Normatized) 


HM61 17FP-3,HM6117FP-4 


INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 





Supply Voltage Vec (V) 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 





Output Voltage Vor (V) 
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HM611T7LP-3, HM611T7LP-4 


2048-word X 8-bit High Speed Static CMOS RAM 


@FEATURES 
@ Single 5V Supply and High Density 24 Pin Package. 
@ High Speed: Fast Access Time 150ns/200ns max. 


@ Low Power Standby and Low Power Operation; 
Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 
@ Completely Static RAM: No-clock nor Timing Strobe Required 
e Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 
®@ Capability of Battery Back up Operation 





MFUNCTIONAL BLOCK DIAGRAM (DP-24) 


MPIN ARRANGEMENT 


———8 Voc 






Memory Matrix ——o GND 


128X 128 






VYOi¢ 


Column 1/0 











Column Decoder 
Control | @ 
{yi -— rx 
1/0s¢ 9 a 








(2) 
| al 


= 
om 


(Top View) 


MABSOLUTE MAXIMUM RATINGS 


Rating 
a eee 























Voltage on Any Pin Relative to GND 
Operating Temperature 
Storage Temperature 





Temperature Under Bias 





Power Dissipation 
* Pulse width 50ns: —3.5V 


MTRUTH TABLE 


[Mode | Vee Current [1/0 Pi 
Not Selected 
Not Selected 
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HM61 1 7LP-3,HM6117LP-4 
MRECOMMENDED DC 


OPERATING CONDITIONS (Ta=0°C to +70°C) 







Supply Voltage 







Input High (logic 1) Voltage 
Input low (logic 0) Voltage 
% Pulse Width: 50ns, DC: Vitwia™—0.3V. 


HDC AND OPERATING CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10%, GND =O0V) 


= [Symba[ Test Conditions | wim [yp [mex [Une 
Input Leakage Current Vin=GND to Voc ae ee Se ee ee 
CE. =V CE. =V, 
Output Leakage Current V : fo ad HA 
. vo™ co) cc 
ting P Suppl — 
Cpetaiing Power, Supply Iec | CEy=CEr=Vin, reo 0mA 70 mA 
Current : DC 
Mi le, duty = 1009 
a" VIL, 2 VIL 
Standby Power Supply ae CE: 2 Vcc—0.2V a 
Current (1): DC ©" | Vin2Vec—0.2V or VinS0.2V 
Standby Power Supply 
Iccuz* | CE22Vec—0.2V A 
Current (2): DC a gg # 
Output low Voltage Tost mA ee ere 
Output High Voltage Jow=—1.0mA ee ee ee ee 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) #2 View —0.3V 


MICAPACITANCE (Ta=25°C, f=1.0MHz) 










Input Capacitance 








Input/Output Capacitance 


Note *1) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Ta—0°C 
@AC TEST CONDITIONS 


Tést Conditions 
pw Lov | 
PCrvo | om ov |S 








to +70°C, Vec=5V+10% unless otherwise noted) 


Input Pulse Levels... --. ee ee cere cree eee 0.8V to 2.4V 
Input Rise and Fall Times .----.-......... 10ns 
input and Output Timing Reference Levels... 1.5V 


Output Load 


@READ CYCLE 


1 TTL Gate and Cz = 100pF (including Scope & Jig) 


ee ae 
Read Gyale Tim ae oe ee om 
Address Access Tine a ee eee ee 
Chip Enable (CE) to Ouipa Eee a ae 
Chip Enable (CE:) to Output a a 
Chip Enable (CE:) to Output in Low Z ae ee ee ee ee ee ee 
Chip Enable (CEz) to Output in Low Z ee a a ee 
Chip Disable (CE:) to Output in High Z ee ee ee ee ee eee eee 
Chip Disable (CE:) to Output in High Z re ee eee ee ee ee ee ns 
Output Hold from Address Change | tee] CU ns 
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HM6117LP-3,HM6117LP-4 


@ TIMING WAVEFORM OF READ CYCLE 










Address 


Dout 


Reset 
an 


(Notes 1) 





Data Valid 


NOTES: 1. WE is High for Read Cycle. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE:) to End of Write 
Chip Enable (CE:) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


NOTES: 


100 





Address 


fo) 
al 


Dout 


1 A write occurs during the 
overlap (twp) of low CE,, 
CE, and wh? . 

2. tag is measured from the 
address changes to the bigin- 
ning of the write. 

3. twr is measured from the 
earlier of CE,, CE, or 
going high to the end of 
write cycle. 


two 


4, During this period, 1/0 pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 
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MLL 


or 
ALI 


a 
OX 


| = | so | ts 






ns 


ae aT 
oe ie 


ns 
ns 
70 ns 


6. Dout is the same phase of 
write data of this write 
cycle. 

7, Dout is the read data of next 
address. ore 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 


HM6117LP-3,HM61 1 7LP-4 


MLOW Vc DATA RETENTION CHARACTERISTICS (Ta=0°C to +70°C) 


Item Test Conditions | min | typ | max | Unit 
Vcc for Data Retention ehts Wee 0e\ [ieee] ee Vv 
Vin2 Vec—0.2V or VinS0.2V 
Vcc for Data Retention CE: 2 Vec—0.2V | 20 | - | - | Vv 
Data Retention Current CR here och See BA 
Vin22.8V or VinS0.2V 
Data Retention Current Vec=3.0V, CE22 Vec—0.2V Fo = | = | aoe | BA 
Chip Deselect to Data Retention Time i ee ee fF oo | - | - | ns 
Operation Recovery Time ae | tects | -— | -— | ns 


%* 10uA max at Ta=0'C to +40°C, Vic min=—0.3V 
** teomRead Cycle Time 


@LOW Vc DATA RETENTION WAVEFORM 


Supply Current Icc,fccz( Normalized) 


Data Retention Mode 












CEi or CEz2 Vor—0.2V 


NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Din 
buffer. If CE, controls data retention mode, Vyn level (address, 
(WE, CE,, Djjo) can be in the high impedance state. If CE, 
controls data retention mode, Vyj level (address, WE, DE,, 
Dj/o) must be Vin 2 Vec—0.2V or Vin $ 0.2V. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,lece (Normalized} 





Supply Voltage Vec (V) Ambient Temparature Ta (°C) 
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HM6117LP-3, HM6117LP-4 


ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 


Access Time taa,tacs( Normalized) 





Supply Voltage Vee (V) Ambient Temperature Ta ('C! 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


Access Time taa,tacs (Normalized) 
Supply Current Iccz (Normalized) 





Load Capacitance Cr (pF) Frequency f (MHz) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage Vie(Normalized) 
High Input Voltage Vin( Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vec (V) 
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Output Current low#(Normalized) 


Standby Current Isai (A) 


Standby Currect Icct2 (Normalized) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 
1.6 


Output Voltage Vow (V) 


STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 
10 


Input Voltage Viw (V) 





Vec=3V 
CE =2.8V 








Output Current Joz(Normatized) 


Standby Current [sa1(Normalized) 


Standby Current Icctz (Normalized) 
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HM6117LP-3,HM6117LP-4 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 





. 





Output Voleage Vor (V) 


STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 


Ta=25°C 
CE2= Vee —0.2V 


Supply Voltage Vec (V) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 





Input Voltage Vis (V) 
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HM6117LFP-3, HM6117LFP-4——_ 


2048-word x8-bit High Speed Static CMOS RAM 


FEATURES 

@ High Density Small-sized Packaged 

@ Projection Area Reduced to One-Thirds of Conventional DIP 

@ Thickness Reduced to a Half of Conventional DIP 

@ Single 5V Supply 

@ High Speed: Fast Access Time 150ns/200ns max. 
@ Low Power Standby and Low Power Operation; 


Standby: 10uW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW (typ.) 

Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 

Equal Access and Cycle Time (FP-24) 
Capability of Battery Back up Operation 





MPIN ARRANGEMENT 
MFUNCTIONAL BLOCK DIAGRAM 






Ai e¢ 

is — Vc 
Ae Memory Matrix ——o GND 
As 128 128 

As 

Ar © 

Vo 


Column Decoder 


| 
Column 1/0 


Input 
Data 
Control 





(Top View) 


CE1¢ 
WE ¢ 
BABSOLUTE MAXIMUM RATINGS 
Vr *—0.5 to +7.0 
Tp 0 to +70 
Storage Temperature Te —55 to +125 


Temperature Under Bias —10 to +85 
Power Dissipation 


* Pulse width 50ns: —3.5V 


Voltage on Any Pin Relative to GND 


Operating Temperature ae 





MTRUTH TABLE 


[Mee [ Veo Current [V0 Pin 
Not Selected 
Not Selected 
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HM6117LFP-3, HM6117LFP-4 


MIRECOMMENDED DC OPERATING CONDITIONS (Ta=0°C to +70C) 







Supply Voltage 







Input High (logic 1) Voltage 
Input low (logic 0) Voltage 
@ Pulse Width: 50ns, DC : Vian. = —0.3V. 


MIDC AND OPERATING CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10%, GND=0V) 
Item | Symbol | Test Conditions Unit 


Input Leakage Current Vin=GND to Vec HA 


CE, =Vin or CEe=Vin 
Output Leak: Ci t I A 
Pricer ee Vi-o=GND to Vec e 
ting P Suppl 
coe 1 DC : a ea os eis eSiesiee REED se 
Current : 
cycle, duty= 100% 
A ting C t I 70 mA 
ote oe ii — =Vn, C CE: = aVin | - | s | a | 
Standby Power Supply = Vec—0.2V 
Teeus* HA 
Current (1): DC Vin2 Vec—0.2V or Vins0.2V 
Standby Power Supply 
I 2Vcc—0.2V A 
Current (2): DC ceu® | CEs Vec ‘ 


Output low Voltage ftoum2dmA TV 
Output High Voltage fonm—1.oma | PO TV 


Notes: 1) Typical limits are at Vec=5.0V, Ta=+25°C 
2) ® 2 Views = —0.3V 


MICAPACITANCE (Ta~25°C, f=1.0MHz) 


ee 
oe [ve ee | 


Note: 1) This parameter is sampled and not 100% tested. 




















Input Capacitance 
Input/Output Capacitance 


MAC CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10% unless otherwise noted) 
@AC TEST CONDITIONS 


Input Pulse Levels ...-. 2... 2-2. cee eres 0.8V to 2.4V 

Input Rise and Fall Times .............06- 10ns 

Input and Output Timing Reference Levels... 1.5V 

Output Load ...... ccc cece ee eee re ee eees 1 TTL Gate and C, = 100pF (Including Scope & Jig) 


@READ CYCLE 


= eas 
Read Cycle Tim ae ee ee 
Address Access Tine ee aes Ca ee ee 
Chip Enable (CE;) to Output a a ee ee a ee 
Chip Enable (CE:) to Output CD 
Chip Enable (CE,) to Output in Low Z rn ee ee eee ee ns 
Chip Enable (CE;) to Output in Low Z Te ee eee ee ns 
Chip Disable (CE:) to Output in High Z ee ee ee ee ee eee ee ns 
Chip Disable (CEz) to Output in High Z | tee TT ns 
Output Hold from Address Change | -tw = =6h] aK tl fl EF ns 
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HM6117LFP-3, HM6117LFP-4 


@ TIMING WAVEFORM OF READ CYCLE (Notes 1) 


Address 


va 


Dout 





MALL 


a 
MLM, 
ar Ra 


Data Valid 


NOTES: 1. WE is High for Read Cycle. 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Enable (CE,) to End of Write 
Chip Enable (CE:) to End of Write 
Address Set Up Time 

Address Valid to End of Write 
Write Pulse Width 

Write Recovery Time 

Write to Output in High Z 

Data to Write Time Overlap 

Data Hold from Write Time 

Output Active from End of Write 


HM6117LFP-4 


HM6117LFP-3 
Symbol 


= 


~ 
6 


tows 


@TIMING WAVEFORM OF WRITE CYCLE 


Address 


twe 


@ VW 6 
a ee ee 
e Wiike fo 


WE 


aN cance “= WE 


Dot SSS SSSVDD SDN MN ava Av, 


LLLLLLLLLLLLLLLLLL ALLL LLY ZA 


NOTES: 1 A write occurs during the 
overlap (yp) of low CE,, 


CE, and 


2. tas is measured from the 
address changes to the bigin- 


ning of the write. 


3. twr is measured from the 
earlier of CE,, CE 
going high to the end of 


write cycle. 
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tow tow 
(8) 
(XS VYALALZ 
/\ Data In Valid AANA A AN 


4. During this period, I/O pins pedance state. 


Unit 


ns 
ns 
ns 
ns 
ns 
ns . 
ns 
ns 
ns 
ns 


ns 


are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
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6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read data of next 
address. ee 

8. If CE, and CE; are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 





HM6117LFP-3, HM6117LFP-4 


MLOW Vic DATA RETENTION CHARACTERISTICS (Ta=0'C to —, 


Item 


Vec for Data Retention 


Vec for Data Retention 


Data Retention Current 


Data Retention Current 


Chip Deselect to Data Retention Time 


Operation Recovery Time 


* 10pA max at Ta=0'C to + 
** trecmRead Cycle Time 


CE: 2 Vec—0.2V, 
Vor) Vv 
Vine Vec—0.2V or Vins0.2V 
; Vec=3.0V, CE, 22.8V, ‘ 
CoRR) | Vin22.8V or VivS0.2V 
Veom3.0V, CE:2Vec—0.2v | — | — | 30° | yA 


ite 3 caer arcu, ee ee 
ns 


40°C, Vic min=—0.3V 


@LOW Vic DATA RETENTION WAVEFORM 


Yee 


CE 22V— —— Y— — 


or 





Data Retention Mode 


CEt or CEz2 Vor—0.2V 


NOTE: 1. CE, controls Address buffer, WE buffer, CE, buffer and Diy 


buffer, If CE, controls data retention mode, VIN level (address, 
WE, CE, , Dy jo) can be in the high impedance state. If CE, con- 
trols data retention mode, Vn level (address, WE, CE,, Dyo) 
must be Vin 2 Voc—0.2V or Vin $ 0.2V. 


SUPPLY CURRENT SUPPLY CURRENT 
vs. SUPPLY 


Supply Current Icc,Icc1 (Normalized) 





VOLTAGE vs. AMBIENT TEMPERATURE 


Supply Current Icc,Jccz (Normalized) 





Supply Voltage Vee (V) Ambient Temparature Ta (°C) 
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HM6117LFP-3, HM6117LFP-4 


ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


13 





Access Time taa,tacs (Normalized) 
Access Time taa,tacs(Normalized) 
S 





Supply Voltage Vee (V) 


Ambient Temperature Ta (°C) 


ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 


Access Time taa,tacs (Normalized) 
Supply Current Iccz (Normalized) 





Load Capacitance Cz (pF) Frequency f{ (MHz) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Input Voltage V:z(Normalized) 


High Input Voltage Via (Normalized) 





Supply Voltage Vee (V) Supply Voltage Vec (V) 
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Output Current Jow( Normalized) 


Standby Current Isar (A) 


Standby Currect Icciz: (Normalized) 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 


Output Voltage Vow (V) 


STAND-BY CURRENT vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (‘C) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 


Input Voltage Vin (V) 











Ta=25'C 
Vec=5V 
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Output Current Joz(Normalized) 


Standby Current Isai(Normalized) 





HM6117LFP-3, HM6117LFP-4 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 





Standby Current Icct: (Normalized) 





Output Voltage Vor (V) 


STAND-BY CURRENT vs. 
SUPPLY VOLTAGE 


Ta=25 
CE:= Vec-0.2V 


Supply Voltage Vee (V) 


STAND-BY CURRENT vs. 
INPUT VOLTAGE 





Input Voltage Vis (V) 
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HMG6168H-45, HMG6168H-55, 
HM6G1G8H-70, HMG6G168SHP-45, 
HM61GSHP-55, HM6168HP-70 


4096- word X 4-bit High Speed Static CMOS RAM 


MFEATURES 
@ High Speed: Fast Access Time 45/55/70 ns (max.) 
@ Single +5V Supply and High Density 20 Pin Package 
@ Low Power Standby and Low Power Operation; 
100uW typ. (Standby), 200mW typ. (Operation) 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible — All Inputs and Outputs 


MIFUNCTIONAL BLOCK DIAGRAM 








Memory Array 
128X 128 


Row 
Decoder 












1/01 0 


Column 1/0 


Column Decoder 
IS 28 £ 


a 
RAARK = 
Ar As Ao hie An ey 


1/02 0 








Data 
Control 






1/03 o——— 


1/04 0 





op 
at 


. —65 to +150 


T. 
T, 
T, 


—55 to +125 
Temperature under Bias —10 to +85 


* Pulse Width 20ns, DC=—0.5V 
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| HM6168H-45/55/70 


(DG-20) 
HM6168HP-45/55/70 


il 


(DP-20) 





PIN ARRANGEMENT 





(Top View) 


HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


® TRUTH TABLE 


Read Cycle 1, 2 
Write Cycle i, 2 





* —3.0V (Pulse width 20ns) 
®# DC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, GND=0V, Ta=0 to + 70°C) 


Imput Leakage Current Voo=5.5V, Vin=GND to Veo 
Output Leakage Current CS =Vizz, Viyo=GND to Voc 


Operating Power Supply Current CS=Vyz,, [19=0mMA 


Standby Power Supply Current(1) CS= Vec—0.2V, ViyS0.2V or Viy2Vec—0.2 


Output High Vig 


Note: Typical limits are at Vo¢=5.0V, Ta=25°C and specified loading. 


Unit 





—_ ot 
“< 
oln 
3 P 
> 


<j< 


™ CAPACITANCE (Ta2=25°C, f=1MHz) 


Somat | Text Condions [min [mot | Ua 
Gn [Vamov | - | 6 | oF 
evo [uae | ~ | 8 [oF 


® AC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to + 70°C, unless otherwise noted.) 
@ AC TEST CONDITION 

@ Input pulse levels: GND to 3.0V 

@ Input rise and fall times: 5ns 

@ Input and Output timing reference levels: 1.5V 

@ Output load: See Figure 










Input Capacitance 
Input/Output Capacitance 









5V 5V 
4809 4802 
Dout Dout 
2552 30pF" 255Q 5pF° 
Output Load (A) Output Load (B) 


* Including scope and jig. (for tzyz, ttz, twz, tow) 
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


@ READ CYCLE 


Read Cyale Tne ae ee 
Output Hold from Address Change lton =| 5 | - | 5s | - | 5 [ - | ns 
Chip Selection to Output in Low Z* lt1z | 2 | - | 2 | - | 2 | - | ns 
Chip Deselection to Output in High Z* ltaz | 0 | 20 | oO | 2 | O | 2 | ns 
Chip Selection to Power Up Time lty {| o | ~ {| o | - | o | - | ns 
Chip Deselection to Power Down Time ltep =| - | 30 | - | 30 | - [ 30 | ns 


* Transition is measured +500mV for high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


© TIMING WAVEFORM OF READ CYCLE NO. 1"): (2) 


tac 









Address 


Dout 






rae aoe, 
Dout High Impedance /\_JN\ Data Valid 
teu tpp Impedance 
Tec 
Vcc supply  ———— — — — — 


current 50% 50% 


Is 


Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= V7;. = 
3. Address Valid prior to or coincident with CS transition Low. 
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HM6168H-45, HM6168H-55, HM6168H-70, HM6168HP-45, HM6168HP-55, HM6168HP-70 


@ WRITE CYCLE 


Wie Gree Tine fwe [asf = [58 
Chip Selection to End of Write ltew | 40 | - | SO | 
Address Valid to End of Write ltaw | 40 | - | 50 | 
Adress Sap Tie i (ea 
Wie Pe Width ine as I | as 
Write Recovery Time ltwe | o | - [| o | 
Data Valid to End of Write ltpw | 20 | - | 25 | 
Write Enabled to Output in High Z* twz | o | 15 | Oo | Fo 6 { 25) | ns 
Output Active from End of Write* tow | o | - [| o | | 0 | 


a HM6168H/P-45 | HM6168H/P-55 | HM6168H/P-70 
al ve {min [max | min | 


rma | 
pate 
— 
a 
a 
aE 
= [as 
=e 
aa 


ns 


Enea 


* Thansition is measured +500mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


Address 


cs , OI A 





High impedance 


Dout 


© TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


Notes) 


Nn vn & WHE 


two 


Address ae nn er 


law: 


: = 
WE ae. al CHL 


Din OK KKARKKRXOD a Siscet COxeX 


High Impedance “a 
Dout 


. A write occurs during the overlap of a low CS and a low WE, (t 


wp) 
. twR is measured from the earlier of CS or WE going high to ‘the end of write cycle, 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 


not be applied. 


. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 


buffers remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 


the outputs must not be applied to them. 


. Dout is the same phase of Write data of this write cycle. 
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HMG1iGSHLP-45, HMGiGSHLP-55, 
HMG1IGSHLP-70O 


4096-word x 4-bit High Speed Static CMOS RAM 


MFEATURES 
@ High Speed: Fast Access Time 45/55/70ns (max.) 
@ Single +5V Supply and High Density 20 Pin Package 
@ Low Power Standby and Low Power Operation; 
5uW typ. (Standby), 200mW typ. (Operation) 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible —All Inputs and Outputs 
@ Capable of Battery back up Operation 





MFUNCTIONAL BLOCK DIAGRAM (DP~20) 


PIN ARRANGEMENT 


Memory Array 
Decoder 128 x 128 


Input 
Data 
Control 





(Top View) 





MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to GND | Vin —3.5* to +7.0 


Power Dissipation 


Operating Temperature be Pise 0 to +70 


Storage Temperature —55 to +125 
Temperature under Bias -10 to +85 


* Pulse Width 20ns, DC= -0.5V 


Vin 
Pr 
Tops 
T. 
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HM6168HLP-45, HM6168HLP-45, HM6168HLP-70 


# TRUTH TABLE 


[Rete [Toss fon | Hh 


Write Cycle 1, 2 





* —3.0V (Pulse width 20ns) 


= DC AND OPERATING CHARACTERISTICS (Voc=5V +10%, GND=0V, Ta=0 to + 70°C) 


fem Symbol Test Conditions [min [rp [max [Uni 
impat Leakage Curent at! | Veo55V.Vm=GNDto Veo | - | - [20 [oa 
Output Leakage Curent Tol [S=Vi, Vo=GND ie Yeo ‘| = | - 20 [uA 
Operating Power Supply Current CS= Viz, I1j9=90mMA | - | 40 | 90 | mA 
Standby Power Supiy Cament@) | saa [CS=Vec02V, ViwS02Vor FnvBVecoa¥] - | 1 [$0 [wa 
Output Law Voltage [You outma SSC Tf 
Output High Voltage Vou [Ton=-40ma_——SS~wM T= L- V 


Note: Typical limits are at Vc¢=5.0V, Ta=25°C and specified loading. 


@ CAPACITANCE (7a=25°C f=1MHz) 















Input Capacitance 






Input/Output Capacitance 


® AC CHARACTERISTICS (Vcc=5V +10%, Ta=0 to + 70°C, unless otherwise noted) 


@ AC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


+5V 
480Q 480Q 


30pF* 
a 2559 ae 


Output Load (A) * Including scope and jig. Output Load (B) 
(for tz, trz,twz, tow) 


@ HITACHI 115 


HM6168HLP-35, HM6168HLP-55, HM6168HLP-70 


® READ CYCLE 
HM6168HLP-45 | HM6168HLP-55 | HM6168HLP-70 


max 


Item Symbol Unit 


~ 
3 
a 


NX 


Read Cycle Time tre 


WM wr 
w 
ele 
sm 


Address Access Time taa 7 ns 
Chip Select Access Time tacs pmSe ise, SS | 7 ns 
Output Hold from Address Change ton ns 
Chip Selection to Output in Low Z* trz 20 - 0 ns 


N 


Chip Deselection to Output in High Z* tHz ns 


Chip Selection to Power Up Time tpy - _ 

Chip Deselection to Power Down Time tpp 30 30 
* Transition is measured +500mV for high impedance voltage with Load (B). 

This parameter is sampled and not 100% tested. 


ns 





w 


ns 


© TIMING WAVEFORM OF READ CYCLE NO. 2"): (2) 


tre 





Address 


Dout 


Dout 


Vcc supply 
current 





Notes) 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS=Vz,. __ 
3. Address Valid prior to or coincident with CS transition Low. 
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Write Recovery Time 


HM6168HLP-45, HM6168HLP-55, HM6168HLP-70 


ns 


@ WRITE CYCLE 
au sees HM6168HLP-45 | HM6168HLP-55 a 

Write Cycle Time twe ee ee | 70 | - | os 

Chip Selection to End of Write tow | - | so | | 60 | - | ns 

Address Valid to End of Write | = | 50 | | 60 | - | as 

Address Setup Time tas | - {| o | | oo | = | ns 

Write Pulse Width P =| | 55 | - | as 
ae eg 
La! ea 
el ieee 


Ne 
= 
WN 


Data Valid to End of Write tpw 20 ns 
Data Hold Time toy bor | | 0 | ns 
Write Enabled to Output in High Z* twe En ae | o | 25 | ns 
Output Active from End of Write* tow | - {| o | | o | - | ns 


* Thansition is measured +500mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


tie 


Address 





(3; {5° (6) 
twz tow ton 
High impedance 
Dout 


© TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


Notes) 


n — > Whe 


two 


Address a ee ee 


taw 


tas tcw 


: oan 


WE A\NANAAANANS ALLL LAL LL 


ND 0:0.60.0:6.0.0.6°0.6 GEE 0.0.60 0.60% 


High Impedance a 


Dout 


A write occurs during the overlap of a low cs and a low WE, (twp) 


. twp is measured from the earlier of CS or WE going high to the end of write cycle. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must 


. If the 


not be applied. oo a : 
low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffer 


buffers remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 


the outputs must not be applied to them. 


. Dout is the same phase of Write data of this write cycle. 
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HM61 68HLP-45, HM6168HLP-55, HM6168HLP-70 


MILOW Vcc DATA RETENTION CHARACTERISTICS (0°CSTaS70°C) 


Vcc for Data Retention Vor 


in| mex | 
ee aa 
Data Retention Current Tccor BA 
V..2 Vec—0.2V or 
tae alee 
aa 


Unit 


Chip Deselect to Data Retention Time tcor OVSV,.S0.2V ns 
Operation Recovery Time ns 
Note! 1. tacmRead Cycle Time. * Vec=3.0V 

** Veom2.0V 


@LOW V.c DATA RETENTION WAVEFORM 
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HM6167,HM616 7-6,HM616 7-8, 
HM616 7P,HM616 7P-6,HM616 7P-8 


16384-word <1-bit High Speed Static CMOS RAM 


MFEATURES HM6167, HM6167-6, 
@ Single +5V Supply and High Density 20 Pin Package HM6167-8 
e@ Fast Access Time — 70ns/85ns/100ns 
@ Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. and Operating 150mW Typ. 
Completely Static Memory ..... No Clock nor Refresh Required 
Fully TTL Compatible — All Inputs and Output 
Separate Data Input and Output......... Three State Output 
Pin-Out Compatible with Intel 2167 Series 


MBLOCK DIAGRAM 


(DG-20) 


Vec HM6167P, HM6167P-6, 
HM6167P-8 


———_ GND 


Row Memory Array 


Decoder 128 X 128 









Column pou 0 


aan Decoder rire | 


MABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with Respect to GND Vv 
Power Dissipation ais WwW 
Operating Temperature °C 
Cc 
Cc 
C 








Dout 


(DP-20) 





MPIN ARRANGEMENT 


Storage Temperature (Plastic) —55 to +125 
Storage Temperature (Ceramic) —65 to +150 
Storage Temperature** —10 to +85 


* Pulse width 20ns : —3.5V_ **under bias 


MIRECOMMENDED DC OPERATING CONDITIONS 
(0°CSTaS70C) 





(Top View) 


Supply Voltage 


Input High Voltage 





Input Low Voltage 


* Pulse width 20ns, DC : Viz min=—0.3V 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


MTRUTH TABLE 


oe 
aes ee 
a 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70C) 





Reference Cycle 









Read Cycle 1,2 
Write Cycle 1, 2 





Output Leakage Current ; [tol | CS=Vin, Vour=0V~Vec PF — | = | 2) BA 
(nc 

Standby Power Supply Current CS = Vec—0.2V 
Tsay : mA 


Note) Typical limits are at Vcc=5.0V, Ta=25 and specified loading. 
HAC TEST CONDITIONS 
Output Load A Output Load B 


Input pulse levels: GND to 3.0V +5V ( for tuz, trz, twz & tow) 


input rise and fall times: 5 ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V rer 4802 
Output load: See Figure Dout 
2552 30pF° Dout 
2552 ae 


* Including scope and jig. 


MICAPACITANCE (Ta=25C, f=1.0MHz) 






Conditions 
Vin=0V 
Vour=0V 






Input Capacitance 


Output Capacitance 





Note) This parameter is sampied and not 100% tested. 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted. ) 
@READ CYCLE 


HM6167, HM6167P HM6167-6,HM6167P-6 | HM6167-8, HM6167P-8 
Item Symbol Unit 


Output Hold from Address Change fe Ng a | Se ee eI Spe ie eo ns 
Chip Selection to Output in Low Z tiz pF 5 | - | s | = | 5 | - | ns 
Chip Deselection to Output in High Z | mz | o | 39 | o | « | o | «0 | ns 
Chip Selection to Power Up Time | tv | o | = | o | = | o | = | ns 
Chip Deselection to Power Down Time lt | — | 3 | = | a | — | 4 | ns 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


@WRITE CYCLE 





em ymbo otes 
"Pine [ime [oon [oe [nn [om | * 
Chip Selection to End of Write tow ah eee wie ee ee ns 
Address Valid to End of Write | tw | 55 | — | #6 | -— | w& [| — | ns 
Address Setup Time | us | o | — | o | by ea | _ ns 
Write Recovery Time | wm | oo | — | o | a ns 
Data Valid to End of Write | tw | 390 | — | 3 | -— | [| - | ns 
Write Enable to Output in High Z twz | o {| 9 | o | o | o | 4 | ns 3,4 
Output Active from End of Write | tw | o | — | 0 - 0 = ns 3,4 





Notes) 1. If CS goes high simultaneouly with-WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF READ CYCLE NO.1?!”” 


Address 


Data Out Data Valid 









High Impedance 
Deta Out 


Vec Supply TO 


Current 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with 
specified loading in Load B. 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


@TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


Data Ov: Date Undefined 





High Impedance 


NOTE: 1. Transition is measured t500mV from steady state voltage with 
specified loading in Load B. 


@ TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 


twe 





Address 


a —— 
Miecearcrsceecmeens Oe 


m OV OT 
ae 


tox 











Data In y 





Data In Valid 


Data Out 
Data Undefined High Impedance 


Note) Transition is measured +500mV from steady state voltage with specified loading in Load B. 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Icci,Jcc: (Normalized) 
Supply Current Icci,Iccz (Normalized) 





Supply Voltage Voc (V) Ambient Temperature Ta (°C) 
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Access Time taa,tacs (Normalized) Access Time taa,tacs (Normalized) 


Input Low Voltage Viz (Normalized) 











HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taa,tacs (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Te (‘C) 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 

13 
12 
z 
gu 
3 
& 10 
& 0.9 
E os 
0.7 
0 2 4 6 8 10 
Load Capacitance Cz (pF) Frequency f (MHz) 
INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input High Voltage Vin (Normalized) 





Supply Voltage Vee (V) Supply Voltage Vee (¥) 
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HN6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output High Current fow (Normalized) 
Output Low Current Jot (Normalized) 





Output High Voltage Vow (V) Output Low Voltage Vo. (V) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


Standby Current Iss: (A) 
Standby Current Isai (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vec (V) 


STANDBY CURRENT vs. 
INPUT VOLTAGE 





Standby Current [ssi (Normalized) 


1 2 3 , 5 6 


Input Voltage Vie (V) 
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HM6167LP, HM6167LP-6, 
HM616G7LP-8 


16384-word <1-bit High Speed Static CMOS RAM 


M@FEATURES 
@ Single +5V Supply and High Density 20 Pin Package 
@ Fast Access Time... ... 1.2 eee ee ee tens 70ns/85ns/100ns 


@ Low Power Stand-by and Low Power Operation 
Stand-by 5uW (typ) and Operating 150mW (typ.) 





@ Completely Static Memory...... No Clock or Refresh Required 
@ Fully TTL Compatible.............. All Inputs and Output 
@ Separate Data Input and Output ......... Three State Output 
@ Capable of Battery Back up Operation 


MBLOCK DIAGRAM 


(DP-20) 


wa — Vc 


~— cnp @PIN ARRANGEMENT 


Row Memory Array 


Decoder 128 X 128 









Dout 









Column f Colum 


Sa Decoder rere | 





MABSOLUTE MAXIMUM RATINGS (Top View) 


a 
—0.5* to +7.0 

[ae ai 
Storage Temperature** 
* Pulse width 20ns —3.5V ** under bias 


HIRECOMMENDED DC OPERATING CONDITIONS ( 0°C STaS70°C) 









Terminal Voltage with Respect to GND 








Power Dissipation 









Operating Temperature 






Storage Temperature 





Supply Voltage 


Input High Voltage 


Input Low Voltage 





* Pulse width 20ns, DC; Viz min= -0.3V 
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HM6167LP, HM6167LP-6, HM6167LP-8 


MTRUTH TABLE 













i 
a 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0~+70°C) 


Reference Cycle 











Read Cycle 1, 2 
Write Cycle 1, 2 









Item | Symbol | ___—_—Test Conditions =| _smin. <|_ typ =| max | Unit 
Input Leakage Current | Tur | Veo 5.5V Vinm0V~Vec PF -{ - | 2) HA 
Output Leakage Current [iol | CS=Vin, Wem 0V~Vec fF -— | = [| 2] HA 
Operating Power Supply Current CS=Viz, Output Open | — {| 30 | 60 | mA 
7 <n = 

Standby Power Supply Current CS = Vec—0.2V 
Tsar BA 

VinS0.2V or Vin2 Vec—0.2V 

Output High Voltage ee 2 


Note) Typical limits are at Voc=5.0V, Ta=25°C and specified loading. 


WAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V 


Output Load A Output Load B 







input rise and fall times: 5 ns aa (for tuz, tuz, twz & tow) 
Input timing reference levels: 1.5V ad 
Output reference levels: 1.5V 4802 
Output load: See Figure Dout 480 
2552 30pF* Dout 
2550 SeF* 
* Including scope and jig. 
MICAPACITANCE (Ta=25°, f=1.0MHz) 
Conditions 

Vin=0V 

Vour=0V 
Note) This parameter is sampled and not 100% tested. 
WAC CHARACTERISTICS (Ta=0°C to +70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 

HM6167LP HM6167LP-6 HM6167LP-8 
Item Symbol Unit 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 


126 


trc 70 


70 
70 
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ns 
ns 
ns 
ns 
ns 


ns 


ns 


ns 





HM6167LP, HM6167LP-6, HM6167LP-8 


@ TIMING WAVEFORM OF READ CYCLE NO.1?”” 
r oe 


Address 










Data Out Previous Data Valid Data Valid 


High Impedance 
Deta Out 


Vec Supply 


Corrent 


NOTES: 1. WE is high and CS is low for READ Cycle, 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +500mV from steady state voltage with 
specified loading B. 


@WRITE CYCLE 


ee ee 
Chip Selection to End of Write eee ee | ns | 
Address Valid to End of Write | tw | 5 | — | # | — | a | | ons | 
Write Pulee Wich ayes 


Write Recovery Time 


Data Valid to End of Write 


ee 

eS eee 
EA eae eee 

Data Hold Time oe eee eee 
[te | o |» | oo | oo 

a ee ee ae ee 


Notes 


Write Enable to Output in High Z 
Output Active from End of Write 


Notes) 1. If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 


[SS SS 
= Se ete 


‘ a 
WE 
- ({ =m | 


Data Out Data Undefined 
High Impedance 
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HM6167LP, HM6167LP-6, HM6167LP-8 


@ TIMING WAVEFORM OF WRITE CYCLE No.2 (CS Controlled) 


twe 


Sarees 


twp 


Se 
omar Seemed 





Address 


| 





ton 





bat 4 





Data In Valid 


Data Out 
Data Undefined High Impedance 


MLOW Vic DATA RETENTION CHARACTERISTKS (Ta=0°C to 70°C) 


Dw | | 


Tccor 


tcor 







Parameter 





Vec for Data Retention 











CS2 Vec—0.2V 
V.2 Vec—0.2V or 
OVS V..50.2V 






Data Retention Current 























Chip Deselect to Data Retention Time 


Operation Recovery Time 





4 tracmRead Cycle Time * Vecm2.0V 
ee Veo=3.0V 


MLOW Vcc DATA RETENTION WAVEFORM 


Data Retention Mode 
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HM6167H-45, HM616 7H-55, 
HM6167HP-45, HM6167HP-55 


16384-word x 1-bit High Speed Static CMOS RAM 

= FEATURES HM6 167H-45, HM6167H-55 

@ Fast Access Time........... HM6167H/P-45 45ns (max) 
HM6167H/P-55 55ns (max) 

@ Low Power Standby and Low Power Operation 

Standby 100uW (typ), Operating 200mW (typ) 

Single +5V Supply and High Density 20 Pin Package 

Completely Static Memory .. . .No Clock nor Refresh Required 

Fully TTL Compatible....... All Inputs and Output 

Separate Data Input and Output......... Three State Output 


(DG-20) 


= BLOCK DIAGRAM 
HM6167HP-45, HM6167HP-55 


—— _GND 


Row Memory Array 


Decoder 128 X 128 





p Colum | Lo a (DP-20) 
— | Column Decoder | 





® ABSOLUTE MAXIMUM RATINGS 


Terminal Voltage with respect to GND VT —3.5* to +7.0 Vv 
Power Dissipation Pr |) 10d CW 


Operating Tempera °C 
Storage Temperature (Plastic) —55 to +125 [Cc 


_Storage Temperature (Ceramic) —65 to +150 °C 
Storage Temperature (under bias) | Toias | -10to +85 °C 

* Pulse Width 20ns, DC: -0.5V 

= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) (Top View) 









Supply Voltage 










Input Voltage 





* Pulse Width: 20ns, DC: Vz; (min) = —0.5V 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


®8 TRUTH TABLE 
Ref. Cycle 


Read Cycle 


Write Cycle 





MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0T to +70T) 


Vee=5.5V, Vin=0V~Vec 
cs-= Via, Vour=O0V~Vec 


= a [| 
Laas ere eel 
Pane fee 
ee = 
OO 
Bone 
eam ees 

ere ee 


Item 
Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current 


CS 2Vec—0.2V 
VinS0.2V or Vin 2 Vec—0.2V 


Note) Typical limits are at Vcc=5.0V, Ta=25T and specified loading. 


Standby Power Supply Current 


< 


Output Low Voltage 


< 


Output High Voltage 


WAC TEST CONDITIONS 


Output Load A Output Load B 
Input pulse levels: GND to 3.0V +5V (for tnz, trz, twz & tow) 
Input rise and fall times: 5 ns ay 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V as 4800 
Output load: See Figure Pout 
2580 30pF* vee 
2552 oP 
% Including scope and jig. @ Including scope and jig. 


MICAPACITANCE (Ta=25°, f=1.0MHz) 






Conditions 
Vin=0V 
Vour=0V 






Input Capacitance 





Output Capacitance 


Note) This parameter is sampled and not 100% tested. 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


MAC CHARACTERISTICS (Vcc=5V+10%, Ta=0C to 70°C, unless otherwise noted. ) 
@READ CYCLE 


re ynibel | HM6167H/P-45 | HM6 167HP-55 aiiee 
| max 
ae ee ee ee 
J ons | 
eae tel 
| ns 


a 
Cs] 


~ ™ > 
S N > 19 


Read Cycle Time 
Address Access Time 
Chip Select Access Time tacs 
Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 


(2) (3) (7) 
ns (2) (3) (7) 


b 


> 
wn 


v 


Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 
NOTES: 1. All Read Cycle timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t;;7 max. is less than ft; 7 min. both for a given device and 
from device to device. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. WE is High for READ cycle. 
5. Device is continuously selected,CS=Vz,.___ 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF READ CYCLE NO.1 4): 5) 
tre 


Address 
taa 








tOoH 





Previous Data 
Valid 





Data Out Data Valid 






@ TIMING WAVEFORM OF READ CYCLE NO.2 4), 9) 


HZ 


; High Impedance 
Data Our High Impedance Data Valid ie. gh Imp 


tpp 


cc 
vee Supply 9 —---7~~7- 
Current 
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HN6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


@ WRITE CYCLE 


HM6 167H/P-45 HM6 167H/P-55 
Item Symbol 


Unit Notes 


Write Cycle Time 


= 
Q 
° 
* 


~ 
N 
— 


Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in High Z 
Output Active from End of Write 


wn 


> | > 
7) 
o 
Lm) 
a nel 
a | 





: 
wr 


(3) (4) 
(3) (4) 


s ~~ | om 8 ~ 
im 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address, 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE (WE Controlled) 
twe 






Address 
cs 
WE 
Va 
Dian (eer) 


“A ia 
Data Out Data Undefined High Impedance 


© TIMING WAVEFORM OF WRITE CYCLE (CS Controlled) 
twe 


oT 


twp 


We \ \ \ A \ K i a a 
tDH 


| 


pS EE 
pain | Data In Valid 
'wZ 
Data Out Data Undefined High Impedance 
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Supply Current Icc (Normalized) 


Access Time taa,tacs (Normalized) 


Access Time taa,tacs (Normalized) 


HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current [cc (Normalized) 











Supply Voltage Vec (V) Ambient Temperature Ta (°C) 
ACCESS TIME vs. ACCESS TIME vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


1.3 










Access Time taa,tacs (Normalized) 
6 





0.7 
20 40 60 80 
Supply Voltage Vec (V) Ambient Temperature Ta (‘C) 
ACCESS TIME vs. SUPPLY CURRENT vs. 
LOAD CAPACITANCE FREQUENCY 
1.8 
100ns 85ns 70ns 

1.6 ~ 

3 

3 
14 £ 

2 

oO 

ry 
1.2 - 

= 

re 

3 
1.0 > 

= 

a 
0.8 
ae 100 200 300 400 500 





Load Capacitance Cz (pF) Frequency f (MHz) 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input Low Voltage Viz (Normalized) 
Input High Voltage Vin (Normalized) 





Supply Voltage Vec (V) Supply Voltage Vec (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
1.6 





Output High Current !oy (Normalized) 
Output Low Current Joz (Normalized) 





0.2 0.4 0.6 0.8 
Output High Voltage Vow (V) Output Low Voltage Vo. (V) 
STANDBY CURRENT vs. STANDBY. CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





3 
~ N 
=< = 
~ CJ 
=z 10s E 
a i-7 
os = 
S 
Fe 
o o 
bw as 
£ = 
é PP 
o 
2 5 
5 
= 10 2 
n > 
or 
a= 
c 
$ 
n 
10-3 
0 





Ambient Temperature Ta (‘C) - Supply Voltage Vec (V) 
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Standby Current Isai (Normalized) 





STANDBY CURRENT vs. 
INPUT VOLTAGE 


Input Voltage Via (V) 


—HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 
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HM6167HCG-45,HM6167HCG-55 — 


16384-word < 1-bit High Speed Static CMOS RAM 


MFEATURES 

@ High Density 20 pin Leadless Chip Carrier 

@ High Speed: Fast Access Time 45/55ns Max. 

@ Low Power Standby and Low Power Operation 
Standby: 100uW typ., Operation: 200mW typ. 

© Completely Static Memory; 

No Clock or Timing Strobe Required 
Equal Access and Cycle Times 
Directly TTL Compatible; All Inputs and Output 


MIBLOCK DIAGRAM 





(CG-20) 


me Vee 


——— GND PIN ARRANGEMENT 


Row 
Decoder 


Memory Array 


128 128 Ais Vec Ao Ai 
a J 






a 
19 20 





Column 1/0 


Column Decoder 


BA? eds ad ed aha 
BELLIS, 






12 11 10 9 
a Lit 





a 
Din CS GND WE 
(Bottom View) 


MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin* —0.5 to +7.0 

Power Dissipation | Pro fc 
Operating Temperature 
Storage Temperature 
Temperature Under Bias Toise 


* with respect to GND. Vin min~ —3.5V (Pulse width 20ns) 





MTRUTH TABLE 














Ref. Cycle 





We [Yocum | baw re | 

re mace | Int | ine 
a 
c 








Read Cycle 






Write Cycle 
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HM6167HCG-45, HM6167HCG-55 


MBRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 








Supply Voltage 






Input Voltage 


* —3.0V (Pulse width 20ns) 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V +10%, Ta=0 to +70°C) 


Operating Power Supply Current Tee CS=Vi1, Output Open | — | 4 | 80 | mA 
pb te aaa CSZVec—0.2V, VwS0.2V or Vin2Vec—0.2V | — | 20 | 2000 | mA 


Note) * : Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 


HICAPACITANCE (Ta=25°C, f=1MHz) 


Sy 





Output Capacitance Cm 


Note) This parameter is sampled and not 100% tested. 


MAC CHARACTERISTICS (Vec=5V 410%, Ta=0 to +70°C) 


@AC TEST CONDITIONS Output Load A Output Load B 
Input Pulse Levels: GND to 3.0V (for taz, trz, twz & tow) 


+5V 
Input Rise and Fall Times: 5 ns +5V 
Output Reference Levels: 1.5V 4802 
Dost 480Q 
2552 30pF° Dout 
2550 apr 


%* Including scope and jig. 


@READ CYCLE 


as es 
Output Hold from Address Change | tw | 5 | — | 5s | -— | as | 
Chip Selection to Output in Low Z tiz Pos | - [| 5 | = | os | 2,3,4 
Chip Deselection to Output in High Z | tmz = { o | 3 | 0 | 3 | ns | 2,3,4 
Chip Selection to Power Up Time tpy | oo | — | o [ = | os | 
Chip Deselection to Power Down Time | to | — | 3% | — | 3% | as | 


Notes) 1. Ail Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t7z max is less than t.z min both for a given device and from device to device. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6167HCG-45, HM6167HCG-55 





@Read Cycle-1 (Notes 1, 2) 


Address 


Previous ; 
Data Out Data Valid : Data Valid 





@Read Cycle-2 (Notes 1, 3) 


tac 











cs 
taz™ 
Data Out High Impedance eave —) High Impedance 
tpp 
Vcc Supply 
Current 


Isp 


Notes) 1. WE is high for Read Cycle. - 
2. Address valid prior to or coincident with CS transjtion low. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 


@WRITE CYCLE 


HM6167HCG-45 : ; 
= fin mex | [mx | “s 


Chip Selection to End of Write tcw | ao | -— | sc | — | os | 


Address Valid to End of Write 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in High Z 


Output Active from End of Write 


Notes) 


138 


1. 


2 
3. 
4 


3,4 
3,4 


If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 

. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
Transition is measured +500mV from steady state voltage with specified loading in Load B. 

. This parameter is sampled and not 100% tested. 
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HM6167HCG-45, HM6167HCG-55 


@Write Cycle-1 (WE Controlled) 


© ees 
= aoe ee 


me oan 
WE 
Data In c Data In Valid Pn | 


Data Out Data Undefined 
High Impedance 


@Write Cycle-2 (CS Controlled) 


ny | 


* a SE ar 7 


ton 





Address 





J 








Data In Valid 


Data In a 





Data Out 
Data Undefined High Impedance 
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HM616 7HLP-45, HM6167HLP-55— 


16384-word x 1-bit High Speed Static CMOS RAM 
= FEATURES 
@ Fast Access Time........... HM6167HLP-45 45ns (max) 
HM6167HLP-55 = 55ns (max) 
@ Low Power Standby and Low Power Operation 
Standby 5uW (typ) and Operating 200mW (typ) 
@ Capable of Battery Back-up Operation 
Single +5V Supply and High Density 20 Pin Package 
® Completely static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Times 
@ Directly TTL Compatible ..... All Inputs and Output 





(DP-20) 
= BLOCK DIAGRAM 


reas = PIN ARRANGEMENT 


——— GND 


Row Memory Array 


Decoder 128 X 128 








(Top View) 
® ABSOLUTE MAXIMUM sales : 














—3. = eek 0 





Terminal Voltage with respect to GND 
Power Dissipation 
Operating Temperature 
Storage Temperature 

Storage Temperature Under Bias 

* Pulse Width 20ns, DC: —0.5V 


= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 





Tstg | —55 to +125 
—10to +85 











T dias 





Supply Voltage 







Input Voltage 





* Pulse Width 20ns, DC: Vz; min = —0.5V 
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HM6167HLP-45, HM6167HLP-55 


@ TRUTH TABLE 









a 
ce ec 
ee ed ee ee 
fei Pe wee ie ee 


MDC AND OPERATING CHARACTERISTICS (Vcc=5V+10%, Ta=0~+70C) 


Ref. Cycle 





Read Cycle 








Write Cycle 








Item [Symbol | ___——Test Conditions |_min_ | styp_—| max | Unit 
Input_Leakage Current Vee*5.5V Vine O0V~Vec | - | - | 2] HA 
Output Leakage Current ne cS = “Ving Yuet 0V~Vec fF — | -— [| 2 | HA 
= (= a SE CN TT 
Standby Power Supply Current CS =Vec—0.2V 
Tsa1 BA 
Vin0.2V or Vin 2 Vec—0.2V 
Output High Voltage ial Ee aan iY Sl ee V 
Note) Typical limits are at Vec=5.0V, Ta=25°C and specified loading. 
MAC TEST CONDITIONS 
Input pulse levels: GND to 3.0V Output Econ * Pnuier one 
Input rise and fall times: 5 ns BERS RES aaa 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 4800 4808 
Output load: See Figure Dout 
2550 30pF* Dout . 
2552 SoF 
« Including scope and jig. * Including scope and jig. 
Note) This parameter is sampled and not 100% tested. 
MAC CHARACTERISTICS (Ta=0C to +70°C, Vec=5V+10%, unless otherwise noted. ) 
@READ CYCLE 
HM6167HLP-45 HM6 16 7HLP-55 es 
si | min [max | min | omax | aa 
Read Gye Tine ee D 
Output Hold from Address Change | tow | 5 | - | 8 | - | ™ | 
Chip Seheton oOuwputintowZ [uz | s | - | $8 | - | = | @@@ 
aT A TST 
Chip Deselection to Power Down Time | to [ - | 30 | - | 30 | ™ | 
NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 


1 

2. At any given temperature and voltage condition, f;;z max. is less than ty g min. both for a given device and 
from device to device. 

3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

4. WEis High for READ cycle. 

5. Device is continuously selected, CS = Vir. 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6167HLP-45, HM6167HLP-55 


@TIMING WAVEFORM OF READ CYCLE NO. 1 * 5 
tre 


Address 


taa 





tou 


Previous Data 
Valid 





Data Out Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO. 2*? ® 





Data Out 
Vcc Supply 
Current 
@ WRITE CYCLE 
. HM6167HLP.SS — 
em oes 
| min | max 
Wite yee Tine Piwe [48 re ee 
Chip Selection to End of Write tcw | 400 | sof = fl ls 
Address Valid to End of Write mw | 40 [| - | s | - | os | 
Address Setup Time a ee ee ee ee 
Write Pulse Width (Zee <n 
Write Recovery Time [ewe {| o | - {[ o | - Tos | 
Data Valid to End of Write [iw [| 2 | - | % | - | ms | 
Data Hold Time a ae ee eee ae ee 
Write Enable to OutputinighZ | wz | 0 | 2 | 0 | 3% | = | @® 
Output Active from End of Write few [ o [| - | eo | - [| ss [ow 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


twe 


cs | f 


taw 


__ oe ‘WR 
WE 
WAN — gy 
t 


wz tow 
i pedance 


Dout 
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HM6167HLP-45, HM6167HLP-55 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 





two 
Address 
CS tow 
twp 
WE \ ys 
| pep 'DH 
Din ae Data in Valid 
fwz 
High Impedance 
Dout 


MLOW Vcc DATA RETENTION CHARACTERISTKS (Ta=0° to 70°C) 


[stot [___Tew Goanon [em [op [| me] 


Tcepr 






Parameter 





Vec for Data Retention 












CS2 Vec—0.2V 
Vina2 Vec—0.2V or 
OVS V.50.2V 






Data Retention Current 











Chip Deselect to Data Retention Time 





Operation Recovery Time 





& taco Read Cycle Time * Vicw2.0V 
ee Vec=3.0V 


@LOW Vic DATA RETENTION WAVEFORM 


Data Retention Mode 


CS > Voc -0.2V 
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HM6267P-35,HM6267P-45—______ 
Preliminary 
16384-word x 1-bit High Speed Static CMOS RAM 


= FEATURES 
High Speed: Fast Access Time 35/45ns (max.) 
@ Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
®@ Single 5V Supply and High Density 20 Pin Package 
® Completely Static Memory ..... No Clock or Timing Strobe Re- 





quired 
@ Equal Access and Cycle Time 
®@ Directly TTL Compatible: All Input and Output (DP-20) 
=» BLOCK DIAGRAM = PIN ARRANGEMENT 


— Vc 


—=—— GND 


Row Memory Array 


Decoder 128 X 128 





Dout 


Column I/O 


Column Decoder 









Au Ato Ag As Az As As (Top View) 


= ABSOLUTE MAXIMUM RATINGS 


Item 
Voltage on Any Pin* 
Temperature Under Bias 


* with respect to GND. Vr min = -3.5V (Pulse width 20ns) 













Power Dissipation 
Operating Temperature 
Storage Temperature 











= RECOMMENDED DC OPERATING CONDITIONS (7z = 0 to +70°C) 


‘Symbot | min [wp | max 
Vcc 4.5 


4s | 5.0_| 
renp [0 | 0 | 0] 
Min [22 | -_ | 60_| 
[-_ [08] 


* Pulse Width 20ns, DC: V;z min = —0.5V 











Supply Voltage 





Input Voltage 





Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HM6267P-35, HM6267P-45 


W@ TRUTH TABLE 









Ref. Cycle 





i a 
eae oa i a 























Test Conditions 


Voc = 5.5V, Vin = GND to Vog 


CS = Vin, Vout = GND to Voc 
CS = Vzz,, Output Open 


Item 





Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current | I¢¢ 
| Isp 
TsB1 
VoL 
Vou 
Notes) 1. Typical limits are at Voc = 5V, Tg = 25°C and specified loading. 


2. Voc = 5V+#5% for 35ns version. 
3. 100mA max. for 35ns version. 




















Standby Power Supply Current 





CS>Vec-0.2V, Vins0.2V or VinzVec-0.2V 














Output Voltage 











@ AC TEST CONDITIONS 


input pulse levels: GND to 3.0V Output Load A Output Load B 
Input rise and fall times: 5ns +5V (for twz, tez, twe & tow) 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 4809 imo 
Dout 
2550 30pF° Dour 
2550 sere 
* Including scope and jig. « Including scope and jig. 


@ CAPACITANCE (7, = 25°C, f = 1MHz) 


Input Capacitance 


Output Capacitance 





Note) This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = SV + 10%*, T, = 0 to 70°C, unless otherwise noted.) 
@® READ CYCLE 


rm Symbol L__HM6267P-35 HM6267P-45 as Nl ae 
yee’ min Tmax [min] max 


Read Cycle Time | tee | 35 | - | 1 
Address Acoess Time Pita 

Chip Select Access Time [tacs_ | _- | 35_| -| 43 | ms | 
Output Hold from Address Change | ton | 5 [| - | 5 | - | ms | 

Chip Selection to OutputinLowZ | tzrg |. 3.1 - | 53 |) dT 
Chip Deselection to OutputinHighZ | tyz | 0 [| 30 | Oo | 30 | ns | 2,3,7 
Chip Selection to Power UpTime | fpy | 0 | - | 0 | - | = | 

Chip Deselection to Power Down Time | tp | - {| 2 | - | 30 | ns | 


* Voc = 5V + 5% for 35ns version. 
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HM6267P-35, HM6267P-45 


@ TIMING WAVEFORM OF READ CYCLE NO.1 7% ») 
tre 


Address 


tAA 






ton 


Previous Data 
Valid 






Data Out Data Valid 


@ TIMING WAVEFORM OF READ CYCLE NO. 2”? © 
tre 


Zz 
; a 
Data Out High Impedance igh Impedance 


Vcc Supply 
Current /SB 


NOTES: 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

At any given temperature and voltage condition, tz,z max. is less than ¢; 7 min. both for a given device and 
from device to device. 

. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

WE is High for READ cycle. 

Device is continuously selected, CS=Vy,,;. 

. Addresses valid prior to or coincident with CS transition low. 

This parameter is sampled and not 100% tested. 


Ne 


SIAN & Ww 


® WRITE CYCLE 





Item 








Write Cycle Time 


Chip Selection to End of Write | tow | 30 | - | 40 | - | m _| 
Address Valid to End of Write taw | 30 | - | 40 | - | ns | 
Address Setup Time eae ee 

Write Pulse Width twp | 20 | - | 

Write Recovery Time twrR fF o | - | oOo | 
Data Valid to End of Write | tow | | | 

Data Hold Time ton | 0 | - | 

Write Enabled to Output in High Z | twz | 

Output Active from End of Write tow 





3,4 
3,4 
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HM6267P-35, HM6267P-45 
@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


twe 


ages OK) 
a \\\h\Y WLLL LLLLLL 


taw 
R 


WE 
AS aie 
: Data in 
Din | vata” | 


twz, tow 
High Impedance 


‘DH 


Dout Data Undefined 





@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


Address 





w WO LITT. 


High Impedance 
Dout Data Undefined 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B, 
4. This parameter is sampled and not 100% tested. 
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HMG264P-10, HM6264P-12,——____ 
HMG264P-15 


8192-word x 8-bit High Speed Static CMOS RAM 


@ FEATURES 

@ Fast access Time 100ns/120ns/150ns (max.) 

@ Low Power Standby Standby: 0.1mW (typ.) 
Low Power Operation Operating: 200mW (typ.) 

@ Single +5V Supply 

@ Completely Static Memory... .. No clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

@ Common Data Input and Output, Three State Output 

@ Directly TTL Compatible: All Input and Output 

@ Standard 28pin Package Configuration 

@ Pin Out Compatible with 64K EPROM HN482764 





® BLOCK DIAGRAM 
= PIN ARRANGEMENT 


—o Mc 
——oO GND 





Memory Matrix 
256 X 256 





PPEPPE ELE 


Yoe 


VOs © 












Read. Write Control 


® ABSOLUTE MAXIMUM RATINGS 














Terminal Voltage * 
Power Dissipation 
Operating Temperature 
Storage Temperature 
Storage Temperature (Under Bias) 


(Top View) 







* With respect toGND. ** Pulse width 50ns: —3.0V 
8 TRUTH TABLE 



















WE [CS, [cs, | 0] 
x | H | X | X_| Not Selected | sHighZ | /sB/sB1_ 

SEM ea ee oe ee 

H | L | H | [OutputDisabled | Migh2 ‘| _lecrecn_— 

HTL [A |L [Red | Dot '| iecscca—_—i 

a a SE ee eee a 
L[i laf. [Din | Tee, Teca__| Write Cycle (2) 
X:HorLk 


148 @ HITACHI 


HM6264P-10, HM6264P-12, HM6264P-15 





= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 






Supply Voltage 













Input Voltage 


* Pulse Width SOns: —3.0V 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, Ty = 0 to +70°C) 


Item Symbol Test Condition typ* | max | Unit 
Input Leakage Current Url Vin=GND to Vcc 
CS1=Viy or CS2=Viz or OE=Vinw or WE=V7z, 
Output Leakage Current ULol Viyo=GND to Veo uA 





























Operating Power Supply Current| cc CS1=Vrz, CS2=Vie, yo=0mA a ahs mA 
Average Operating Current Icc1 Min. cycle, duty=100%, Ij;g9=O0mA - | 60 | 110 | mA 
Iss CS1=Viyy or CS2=Vit - Pa | 3) mA 

Standby Power Supply Current CS12Vcc-0.2V, CS22Vec —0.2V or CS280.2V} — mA 
Ispox« | CS2S0.2V | — | 0.02 mA 

i ‘| You | Tor=2.1ma Si hoa y 

tput Voltage b- ——________. 

| You | fou=-1.0ma = | - | V 








* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vir min=—0.3V 


™ CAPACITANCE (f= 1MHz, 7, = 25°C) 

Symbol | Test Condition 

aS ela eee 

Grol Yuo=w | - | 8 [or 
Note) This parameter is sampled and not 100% tested. 

@ AC CHARACTERISTICS (Vcc = 5Vt10%, Ta = 0 to +70°C) 


e AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 


Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and Cz = 100pF (including scope and jig) 


® READ CYCLE 
HM6264P-10 HM6 264P-12 HM6264P-15 
Item Symbol - - 
min max min 


Pesoa lesan 


Csi tco1 
dissahensorers 2 eee 


“Output Enable to Output Valid toE Poe Sa 60 eo aa ee ns 
Output Hold from Address Change toH | 1 | - | 10 | - [| as fo - | ns 


NOTES: 1 fy7z and tozyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, f#7z max is less than t; z min both for a given device and from 


device to device. 
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Input Capacitance 
Input/Output Capacitance 











HM6264P-10, HM6264P-12, HM6264P-15 


e@ READ CYCLE 


2 LLL 


Dout 


NOTE: 1) WE is high for Read Cycle 


e@ WRITE CYCLE 


tOE 


SANNNNNNNAANNANNANNNNINNNS cca 








WIN LLLLL LL. 


tyz1 


ANN 
zs 
TTIIILINL 
Rt 


ton 


Chip Selection to End of Write fae ns 
Aes Soup Tie usp ef -{ e|- , {= 1 
Address Valid to End of Write taw | 80 | - | 85 | - | 100 | - | as 
Wite Pulse Width “we | 6 | - | % | - | 9 | - | m 
mason iim [esa [twee | is | - | ws [ - [ is | - [os 
Wt fo Ouiptin High 2 Vw | o | 3s | 0, | o| |= 
Data Hold from Wate Time Vion |e | - | oe} - | o|- | 
OE to Outputin High Pow | 0 | 3s | o | @ | of 3 | = 
Output Active from End of Write | tow | 5 | - [| 5 | - | 10 | - | ns 
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HM6264P-10, HM6264P-12, HM6264P-15 


@ WRITE CYCLE (1) (OE clock) 


Address 
OE 


CS1 





5] 


lonz (5 
Dout 
tow 


Din 





© WRITE CYCLE (2) (OE Low Fix) 


Address 








tives (4) 
. {TIXEITITTZ 
tins (4) 
. ANNAN 
hi 55555555555 ue 


TLLLLLLLLLLLLLS lo a NA VAVAN 
[9] 


V — SANATACNV AMA’ 
a (X 77TLIKY 


NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write.. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tas is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twRr1 applies in case a write ends at CS1 or WE going high. 
twr2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CSi goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264P-10, HM6264P-1 2, HM6264P-15 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Supply Current I¢c¢, I¢cy (Normalized) 





Supply Current I¢g¢, I¢¢1 (Normalized) 


“0 20 40 60 80 
Supply Voltage Voc (V) Ambient Temperature T, CC) 
SUPPLY CURRENT vs. FREQUENCY ACCESS TIME vs. LOAD CAPACITANCE 


Ta=25'°C 
Vec =MIN 


Supply Current I¢¢ (Normalized) 
Access Time t4 4, tco (Normalized) 





Frequency (MHz) Load Capacitance Cy (pF) 


ACCESS TIME vs. 
ACCESS TIME vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time t4 4, tcc (Normalized) 





Access Time t4,4, tco (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature T, (°C) 


152 @ HITACHI 


Input Low Voltage Vzyz max (Normalized) 


Output High Current Igzy (Normalized) 





INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 





Supply Voltage Voc (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 





Output High Voltage Vor (V) 


HM6264P-10, HM6264P-1 2, HM6264P-15 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 


Input Low Voltage Vyzzmjn (Normalized) 





Supply Voltage Vcc (V) 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Ta=25°C 
Vec=5V 


Output Low Current Ipz7, (Normalized) 





“0 0.2 04 0.6 0.8 


Outut Low Voltage Voy, (V) 
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HMG264FP-12,HM6264FP-15 __ 


8192-word x 8-bit High Speed Static CMOS RAM 


FEATURES 
High Density Small-sized Packaged 
Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 
High Speed: Fast Access Time 120/150ns (max) 
Single 5V Supply 
Low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.), Operation: 200mW (typ.) 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
@ Equal Access and Cycle Time 





(FP-28) 
= BLOCK DIAGRAM @ PIN ARRANGEMENT 
A © 
a ° —o vec 
As © —o GND 





Memory Matrix 
256 X 256 












VOs © 


CS: © 
CS © 


Read. Write Control 


& ABSOLUTE MAXIMUM RATINGS 













Item Symbol (Top View) 
Terminal Voltage * —0.5 ** to +7.0 
Power Dissipation PT 


Storage Temperature —55 to +125 
Storage Temperature (Under Bias) -10 to +85 


* With respect toGND.  ** Pulse width 50ns: —3.0V 
a TRUTH TABLE 


Operating Temperature 




















WE [cs, [OE | Mode | OPin ~— | Vcc Current 
X Not Selected 
x L (ower:Down) 
H A [Output Disabled [MighZ———«d[feorocs 
H [Lo [Red —Ss~C~‘“TSC“‘éi C*dY «CoC 
L A [Din | _lec,roca___| Waite Cycle () 
L ee. eee Write Cycle (2) 
X:Horl 


154 @ HITACHI 


HM6264FP-1 2, HM6264FP-15 


= RECOMMENDED DC OPERATING CONDITIONS (7z = 0 to +70°C) 









Supply Voltage 






2 
Input Voltage ee 
~* Pulse Width 50ns: —3.0V 
= DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, Ty = 0 to +70°C) 


Input Leakage Current Ux Vin=GND to Vcc p- | - | 2] pA 


CS1=Vin or CS2=V71 or OE=Vin or WE=Vyz, 
Output Leakage Current Lol V1j0=GND to Veo BA 


Operating Power Supply Conent| Tee | CSi-Vin, CS2=Vim,Tyo=OmA_—_—+| | 40 | 80 [ma 
Average Operating Current Min. cycle, duty=100%, I7;9=O0mA | - | 60 | 110 | mA 

Vise | GrVinortse™m Ss | 1 | 3 [ma 
Standby Power Supply Current | Ispies | CS12Vcc-0.2V, CS22Vcc -0.2Vor CS2S0.2V] — | 0.02 2|mA 


pas 0 
VOL ToLt=2.1mA Vv 
asain for aetinen anes 


* Typical limits are at Vcoc=5.0V, Ta= 25°C and specified loading. 
** Vip, min=—0.3V 


® CAPACITANCE (f= 1MHz, 7, = 25°C) 


Symbol [Test Condition | wp [max | 

Input Capacitance i= Cin | Vin=OV [ - | 6 | 

Input/Output Capacitance | Cyvo| Vio=0V | - | 8 | 
Note) This parameter is sampled and not 100% tested. 

= AC CHARACTERISTICS (Vcc = 5V+10%, Ta = 0 to +70°C) 


e AC TEST. CONDITIONS 
tnput Pulse Levels: 0.8 to 2.4V 


Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 


@ READ CYCLE 





N 



















Unit 
pF 
pF 










tem - 
| min | max | min” | max 

Read Cycle Time [ire | 120 [| - | 150 | - | m 
Address Access Time taa fF - | 1220 | - | 150 | aos 
aes [tH | tcor | = | 20 [id t0 
ere mes cst | tcoe | - | 120 | - | 150 [1s 
Guiput Enable to Output Valid evens be ee Oa 
Chip Selection to Output. [_©S1_| txzi | 10 | - | 18 | - | ms 
in Low Z a | az | 10 [| - | 1s _[ - [| m 
Chip Deselection to Output [CSI | tuzx | 9 | 40 | 0 | 50 | ms 
in High Z cs2_ | tze | 0 [| 40 [| oO | 50 | as 
Guiput Disable to OuiputinighZ | tonz | 0 | 40 | 0 | $0 | ms 
Output Hold from Address Change ton Ee ee ee ee eee ns 


NOTES: 1 ty7z and tcjyzz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tz max is less than tz z min both for a given device and from 
device to device. 
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HM6264FP-12, HM6264FP-15 


e READ CYCLE 





Address 


™ 


AA 


ai\\\\\\\\\4 a WIN LLL, 


tz 


= 


TTL 
‘ A er 


‘OH 
NOTE: 1) WE is high for Read Cycle 
@ WRITE CYCLE 
ie 7 
| min | max | min | max 
Write Cycle Time two | 120 | - | 150 {| - | _ons 
Chip Selection to End of Write [tow [| 8 [| - | 10 | - | 1 
Address Setup Time fag Oe Se es Dey ee 
Aadatess Valid to End of Wite a CC 
Write Pulse Width we | 7% | - | 90 | - | 1 
Wilts Recovery Tine CSIWE | twrr | SS | - | 10 [| - | as 
[cst [twee | is [ - | is | - [ms 
Wiite to Outputlin High Z twee [| 0 | @ | o [ 50 [ms 
Data to Write Time Overlap ipw [| 50 [| - | 6 | - | ms 
Data Hold from Write Time te | 0 [| - [| o [| - |[-o 
OF to Output in High Z [tonz {| 9 [| 4 | 0 | 80 | ns 
Output Active from End of Write tow a ee ee ee ee ns 
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HM6264FP-12, HM6264FP-15 


@ WRITE CYCLE (1) (OE clock) 


Address 


OE 


CSI 






a 
fers 
pas car typ 1] 


— 


tonz [5] 


Din 


e WRITE CYCLE (2) (OE Low Fix) 


tye ; 


ts wv 


Address 





tyes [4] : 


VITALI LLL. 


low, {2] Joh tyys {4] 


se TTA TP ANNANANA 


ost \\AKAAS 


n 





i twnz 
(7) | (8) 
(a LEEAEEBRECRERS AMIN AV AN 
LLP LILIA LS AP ALLS ie ALA 
(9] 
: VY pe LA 
Din O xX} CLLLL/INLA/ 


NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tags is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twri applies in case a write ends at CS1 or WE going high. 
twre applies in case a write ends at CS2 going low. 

5) During this period, 1/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HMG264LP-10, HM6264LP-12°——__ 
HMG264LP-15 


8192-word x 8-bit High Speed Static CMOS RAM 





® FEATURES 

@ Fast access Time 100ns/120ns/150ns (max.) 

@ Low Power Standby Standby: 0.01mW (typ.) 
Low Power Operation Operating: 200mW (typ.) 

@ Capability of Battery Back-up Operation 

@ Single +5V Supply 

® Completely Static Memory. .... No clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

@ Common Data Input and Output, Three State Output 

®@ Directly TTL Compatible: All Input and Output 

@ Standard 28pin Package Configuration (DP-28) 

@ Pin Out Compatible with 64K EPROM HN482764 


® BLOCK DIAGRAM 
= PIN ARRANGEMENT 





As 6 

AO —-o Vec 

As © 

As @ Memory Matrix —o GND Vcc 





256 X 256 






WE 


cs, 


A, 





Column 1/0 


Column Decoder 





Input A, 
Data 


Control 






Ay, 
V0Os © OE 
Ayo 
CS, 
19] 1/0, 
18] 1/0, 
1/0, 
® ABSOLUTE MAXIMUM RATINGS 16 1/0, 


1/0 
i 
a 

Storage Temperature 

Storage Temperature (Under Bias) 


* With respect toGND.  ** Pulse width 50ns: —3.0V 


# TRUTH TABLE 
[Weds [ 0 Fin [Veg Current] 


ee ee ae 


Read. Write Contro} 


















‘Terminal Voltage * 
Power Dissipation 
Operating Temperature 














(Top View) 



















x Not Selected 

x (Power Down) High Z 

H i a ee 

H | L TL [Red —SSYSSCSCé owt ~—S—=dY~=CC, Ice 

L [pin [Tee foes“ Write Gye) 
L ee ee Write Cycle (2) 
X: Hor L 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 
® RECOMMENDED DC OPERATING CONDITIONS (7z = 0 to +70°C) 







Supply Voltage 






Input Voltage 


* Pulse Wadth S50ns: —3.0V 
® DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, T, = 0 to +70°C) 


Item Symbol Test Condition | min | typ* | max | Unit 
Input Leakage Current Wa Vin=GND to Vcc 2 | wA 
CS1=VyH or CS2=Vyz, or OE=Viy_ «or WE=Vi1, 
| 
Output Leakage Current V1/0=GND to Veo 2 | uA 


Operating Power Supply Current] Jcc CS1=ViL, CS2=Vir, 11jo=0mA | 80 | mA 
Average Operating Current Icc1 














Min. cycle, duty=100%, I7j;9=OmA 110 | mA 


Standby Power Supply Current CS12Vcc-0.2V, CS22V ec —0.2V or CS2S0.2V | - | 2 | 100 | pA 


Pam JoL=2.1mA = Vv 
ut Voltage 

P Tou=-1.0mA 2.4 Vv 
* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 


** Vip min=—0.3V 
@ CAPACITANCE (f= 1MHz, 7, = 25°C) 


Cin | Vin=ov | - | 6 | oF 
[tuo Yuo= Ww [= [8 [pF 
Note) This parameter is sampled and not 100% tested. 

# AC CHARACTERISTICS (Vee = 5V+10%, Ta = 0 to +70°C) 


@ AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns 
Input and Output Timing Reference Level: 1.5V 
Output Load: 1TTL Gate and Cy, = 100pF (including scope and jig) 


@ READ CYCLE 
HM6 264LP-10 HM6264LP-12 HM6 264LP-15 


5 

















Item 







Input Capacitance 
Input/Output Capacitance 





Item Symbol Unit 


Read Cycle Time 


Address Access Time 


_ 
—_ 
wa 


3 
an 


ns 
150 ns 
150 ns 


ns 


> 


~~ lm 
>| 


_ 

ty 

Oo 
— 


tcol 
tco2 
Output Enable to Output Valid tOE 


Chip Selection to CS tLz1 
Output in Low Z CS2 tLz2 10 | 10 | 


om 
ea 
| 10 


CSI 
Chip Selection to Output | cst 


ns 


- 15 ns 


ns 


wa 


ns 


ns 


wa 


ns 


wa ~ 


Output Disable to Output in High Z | tonz | 0 | 35 | 
Output Hold from Address Change toH | io | - | 


NOTES: 1 tzyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. : 
2 At any given temperature and voltage condition, t#7z max is less than ty 7 min both for a given device and from 


device to device. 
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- 15 ns 


HM6264LP-10, HM6264LP-12, HM6264LP-15 


e READ CYCLE 
tre 


Address 





tAA 


oii AAA as MINI LLLLLL, 


NN 
i 


«TM TTL 
. Xt HD 


——ton 


NOTE: 1) WE is high for Read Cycle 


@ WRITE CYCLE 


HM6 264LP-10 HM6 264LP-12 HM6264LP-15 


Item Symbol rnin] 
Write Cycle Time - twe 120 
Chip Selection to End of Write tcw 


Address Setup Time 
Address Valid to End of Write A 
Write Pulse Width twp 


~ 


BF 


A 


oo 
wn 


wr — ~ 
Lv) Mm] an 


Oo 


CS1,WE | twr1i 
Write Recovery Time 


BS) 
15 


me 
wa 


twR2 
Write to Output in High Z twHz 
Data to Write Time Overlap 
Data Hold from Write Time 
OE to Output in High Z tOHZ 
Output Active from End of Write 


w 


~ 
oO 


D 


S 


w 
~ wn 


8 
= 
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NNN 
WLLL. 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


HM6264LP-10, HM6264LP-12, HM6264LP-15 


@ WRITE CYCLE (1) (OE clock) 


Ppa we a ol 


Address XO >* 
—— , “9 : 











@ WRITE CYCLE (2) (OE Low Fix) 





be twe 
Address 
——taw twR1(4) 
CSi {6} tewl2]| —— 


——-— tew[2] ———|'wr2 [4] 


SL NN 
'WR1[4} 


WE twp[1) 
t 3 
tas [3] Gi 














NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 


WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CSi going high, CS2 going low and WE going high. fwp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twRi applies in case a write ends at CS1 or WE going high. 
twra applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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‘OH 
twHz + fow-[7] 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (T, = 0 to +70 °C) 
Item Test Condition 


| min |typ | max | 
CS12 Veg - 0.2V,CS22V ¢¢-0.2V or C8250.2V | 20 ]- | - | 

Voc for Data Retention = 
CS2 $0.2V 20. {= =) 

I Voc = 3.0V, 1 2 Voc = 0.2V, 

CS2 > Vee — 0.2V or CS2 < 0.2V 
Data Retention Current = 
lecpre | Veo = 3.0V, CS2 £ 0.2V aa 


Chip Deselect to Data Retention tapr 
Time See Retention Waveform 


Operation Recovery Time 


* Vz, min = -0.3V, 20uA max at T,=0~40°C 
** tpo = Read Cycle Time 





@ LOW Vcc DATA RETENTION WAVEFORM (1) (CSi Controlled) 
Data Retention Mode 











 CSi2V eq — 0.2V 


@ LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


Data Retention Mode 








NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OF and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vcc—0.2V or CS2 <_0.2V. The other input 
levels (address, WE, OE, 1/0). can be in the high impedance state. 
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Supply Current I¢¢7 (Normalized) Supply Current I¢c, I¢cy (Normalized) 


Access Time t4 4, tco (Normalized) 





SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





Supply Voltage Voc (V) 


SUPPLY CURRENT vs. 
FREQUENCY 





Frequency (MHz) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


HM6264LP-10, HM6264LP-12, HM6264LP-15 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Supply Current Ic¢, I¢c, (Normalized) 





Ambient Temperature T, (°C) 


ACCESS TIME vs. 
LOAD CAPACITANCE 


Access Time t44, tco (Normalized) 





Load Capacitance Cy (pF) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Access Time t4 4, tco (Normalized) 





Ambient Temperature Tg CC) 
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HM6264LP-10, HM6264LP-12, HM6264LP-1 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE 
SUPPLY VOLTAGE vs. SUPPLY VOLTAGE 


Input Low Voltage Viz max (Normalized) 
Input High Voltage Vyzzmin (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Voc (V) 
OUTPUT CURRENT vs. OUTPUT CURRENT vs. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output High Current Iozy (Normalized) 
Output High Current Igz, (Normalized) 





Output High Voltage Voy (V) Output Low Voltage Voz, (V) 


STANDBY CURRENT vs. STANDBY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





Standby Current Iccpr, Isp1, Isp2 (Normalized) 
Standby Current Iccpr, Igp1. Isp2 (Normalized) 


Ambient Temperature Tg (CC) Supply Voltage Vcc (V) 
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HMG6G264LFP-12,HMG6264LFP-15— 


8192-word x 8-bit High Speed Static CMOS RAM 


FEATURES 
High Density Small-sized Packaged 
Projection Area Reduced to One-Thirds of Conventional DIP 
Thickness Reduced to a Half of Conventional DIP 
High Speed: Fast Access Time 120/150ns (max) 
Single 5V Supply 
Low Power Standby and Low Power Operation 
Standby: 10uW (typ.), Operation: 200mW (typ.) 
Capability of Battery Back-up Operation 
Completely Static RAM: No clock nor Timing Strobe Required 
Directly TTL Compatible: All Input and Output 
Equal Access and Cycle Time 





(FP-28) 





8 BLOCK DIAGRAM @ PIN ARRANGEMENT 


—Oo Vic 
—o GND 









Memory Matrix 
256 x 256 





Decoder 


Column 1/0 







Input 
Data 
Control 






Column Decoder 


@ Rl 
a 


L'Ox 


CS2 @ 
CS; © 


— Read. Write Control 
WE © 


# ABSOLUTE MAXIMUM RATINGS 


Symbol 


Terminal Voltage * 5 ** to +7.0 


Power Dissipation fe Oy (Top View) 


—0. 
—55S to +125 
-10to +85 


* With respect toGND.  ** Pulse width 50ns: —3.0V 
# TRUTH TABLE 





High Z 
Tec, I6c1 
Ee ee eee 
[bin ree, recs ‘Write Cele 
[din fee, fee1 Write Cycle 
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HM6264LFP-12, HM6264LFP-15 
®@ RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 







Supply Voltage 


Input Voltage 


* Pulse Width 50ns: —3.0V 
® DC AND OPERATING CHARACTERISTICS (Vcc = 5V+10%, GND = OV, Tz =O to +70°C) 





‘ Input Leakage Current Vin=GND to Vcc 
CS1=Vizz or CS2=V 11 or OE=Vi~y or WE=V7z, 


Output Leakage Current Viyo=GND or Voc 


Operating Power Supply Current CS1=Viz, CS2=Vin, 11jo=0mA | — | 40 | 80) mA 
Average Operating Current Min. cycle, duty=100%, 1 1/0=0mA | — | 60 | 110 | mA 
Vise | GievmorcsMn Sd | 1 | 3 [ma 

Stindby Power Supply Caren |"igpie> | CS1BVoc-02V, CS22Vee~02VerCS2S02¥| — | 2 | 
Piss [onset = | 

ie ae 

Ea 





VoL ToL=2.1mA 
ngetvilies | You | 
Ton=—1.0mA 2.4 


* Typical limits are at Vcc=5.0V, Ta=25°C and specified loading. 
** Vir min=—0.3V 


@ CAPACITANCE (f= 1MHz, 7, = 25°C) 


Symbol Test Condition | 
: 


Note) This parameter is sampled and not 100% tested. 
@ AC CHARACTERISTICS (Vec = 5V+10%, Ta = 0 to +70°C) 
@ AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10ns° 
Input and Output Timing Reference Level: 1.5V 


Output Load: 1TTL Gate and C; = 100pF (including scope and jig) 
@® READ CYCLE 



















Input Capacitance 
Input/Output Capacitance 


a HM6264LFP-12 HM6264LFP-15 ici 
Read Cycle Time ns 
Address Access Time | taa | - | ns 
Chip Selection to Output CSI te at 
| cs2_ 

CS2 150 ns 

Output Enable to Output Valid tor 70 ns 
. 10 


in Low Z CS2 thze 
Output Enable to Output in Low Z toLz 


2 


Chip Deselection to Output tHZ1 


in High Z 
Output Disable to Output in High Z toHz FO 
Output Hold from Address Change | ton | 10 | 


NOTES: 1! tyz and tozzz are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 
2 At any given temperature and voltage condition, tz max is less than t, 7 min both for a given device and from 
device to device. 


(ea mete 
Mo ee 
Lae = 4 
Chip Selection to Output CSI thz1 | 10 
AO 
|S 
P| 
ie SO 


i?) 
A 
N 


[mex [min 
irae ara 
ir a ea 
ae a 
Foie 
ieee ee 
ee et 
ce eee 
Fee (a 
ee 
a 
[40 
are faery 


i] 
a 


ns 
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HM6264LFP-12, HM6264LFP-15 


e READ CYCLE 


Address 


oi \\ AAA = WLLL, 





tyz1 


xa Ded 


a 
= TTT. —\ | XO 
es 


SANNNNANNNNNNNNANNNANNNNNY ae TT 
= Xa at XO 


NOTE: 1) WE is high for Read Cycle 


@ WRITE CYCLE 


- a 

Waite Cycle Time wwe [0 [ - | iso | - | ms 
Chip Selection to End of Write tw | 8 | - | 100 | - | as 
Address Setup Time [tas | 0 | - | o [| - | -s 
Address Valid to End of Write taw | 85 | - | 10 | - | os 
Waite Pulse Width Tiwe | 7 [= | of |e 
aN (SWE [twas | s | - | 00 [| - [1 
[cso | twee | is | - | is [ - [a 

Write to Output in High Z [twaz | 9 [4 [| 0 | 50 [ms 
Data to Write Time Overlap tow i eee ns 
Data Hold from Write Time ot Oe i 0 oe 
OE to Output in High Z tons | 0 | 4 [0 [30 | as 
Output Active from End of Write | tow | 5 {| - | 10 | - | a. 


© HITACHI 167 








‘HM6264LFP-12, HM6264LFP-15 


@ WRITE CYCLE (1) (OE clock) 


ances | Saramreremnms| 


i, Caen ease 











stl -—taw —f 
a tas(3] —twPe-- 
| ANNA (1) MILL 
| fonzls ] 
Dot tw 


Din 


© WRITE CYCLE (2) (OE Low Fix) 










Address 






MRBRERRRERABAS 
lL Nkmbobmbrbmbanbekoknbandoadond 






NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CS1 going high, CS2 going low and WE going high. twp is 
measured from the beginninng of write to the end of write. 

2) tcw is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) tas is measured from the address valid to the beginning of write. 

4) twr is measured from the end of write to the address change. 
twri applies in case a write ends at CS1 or WE going high. 
twra2 applies in case a write ends at CS2 going low. 

5) During this period, 1/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LFP-12, HM6264LFP-15 





® LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70 °C) 


I Vec= 3.0V, CS1 2 Vee - 0.2V, 
CS2 > Voc — 0.2V or CS2 S$ 0.2V 


Voc = 3.0V, CS2 < 0.2V 












Vcc for Data Retention 








Data Retention Current 





IccpR2 









Chip Deselect to Data Retention t 
Time CDR 


Operation Recovery Time te 


* Vz min = -0.3V, 20uA max at Tg=0 ~40°C. 
** treo = Read Cycle Time 





See Retention Waveform 





@ LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlled) 
Data Retention Mode 









@ LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


Data Retention Mode 





CS2 € 0.2V 


NOTE: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din 
buffer. If CS2 controls data retention mode, Vin for these inputs can be in 
the high impedance state. If CS1 controls the data retention mode, CS2 
must satisfy either CS2 > Vec—0.2V or CS2 < 0.2V. The other input 
levels (address, WE, OE, I/O)can be in the high impedance state. 
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HM6287P/HM6287CG Series ——_ 


Under Development 


65536-word x 1-bit High Speed Static CMOS RAM 


@ FEATURES 
@ High Speed: Fast Access Time 55/70ns (max.) HM6287P-55, HM6287P-70 
@ Low Power-Standby and Low Power Operation 
Standby: 0.1mW (typ.), Operation: 300mW (typ.) 
@ Single 5V Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Equal Access and Cycle Time 
®@ Directly TTL Compatible: All Inputs and Output 


(DP-22A) 


® BLOCK DIAGRAM 
HM6287CG-55, HM6287CG-70 


a Vc 


<#GND 







Memory Array 


» 128 x 512 





Column 1/0 
Column Decoder 


WN HN W WW 


As Ae As Ai 


Best ® PIN ARRANGEMENT 
@ HM6287P Series 









Aa Ay A; As 





“0.5 to +7.0 
Pr 


—65 to +150 
-10 to +85 


* with respect to GND. Vi min = ~3.5V (Pulse width 20ns) 
** _§5 to +125°C for Plastic DIP @ HM6287CG Series 





(Top View) 





(Top View) 
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HMG287LP Series 


Under Development 


65536-word x 1-bit High Speed Static CMOS RAM 


@ FEATURES 

@ High Speed: Fast Access Time 55/70ns (max.) 

@ Low Power Standby and Low Power Operation 
Standby: 10uW (typ.), Operation: 300mW (typ.) 

@® Capability of Battery Back-up Operation 

@ Single 5V Supply 

® Completely Static Memory 
No Clock or Timing Strobe Required 

@® Equal Access and Cycle Time 

® Directly TTL Compatible: All Inputs and Output 





@ BLOCK DIAGRAM (DP-22A) 


ee NE @ PIN ARRANGEMENT 


<@— GND 






Memory Array 







128 x 512 





HHAAKAHHE 


Ar As A, As Ace Ar As As Ato 





® ABSOLUTE MAXIMUM RATINGS (Top View) 


item 


Voltage on Any Pin* Vr -0.5 to +7.0 
Pr 1.0 
T, 


Power Dissipation 
Operating Temperature 
Storage Temperature 


Temperature Under Bias 
* with respect to GND. Vp min = -3.5V (Pulse width 20ns) 
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HMG525GP Series 


32768-word x 8-bit High Speed Pseudo Static CMOS RAM 


The HM65256P is a 32,768-words x 8-bits, high speed, pseudo static 
CMOS Random Access memory. 

This new breed of pseudo static RAM utilizes HITACHI’s double- 
layers CMOS technology and advanced circuit techniques for high 
performance and high functional density. 

The HM65256P is offered in a standard 600 mil 28 pin dual-in-line 
plastic package, and guaranteed for operation from O°C to 70°C at 
the condition of 5-V single power supply with +10% tolerances. 

All inputs and outputs are compatible with high performance logic 
- families, such as Schottky TTL. 

As for refresh functions, including address refresh, refresh control 
function available on 22 pin provides automatic and self-refresh 
modes. 


FEATURES 
Organized as 32768-words x 8-bits 

Single 5V Power Supply 

High Speed - - - - - Access Time 150/200ns (max). 
Control on Pin-22 for automatic and self reflesh 
Equal access and cycle time 

All inputs and outputs TTL compatible 

22 pin function 
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Under Development 





(DP-28) 


@ PIN ARRANGEMENT 





(Top View) 


re 


MOS DYNAMIC RAM 
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HM48416AP-12, HM48416GAP-15 
HM48416GAP-20 


16384-word X 4-bit Dynamic Random Access Memory 


FEATURES 

16384-word x 4-bit Organization 

Single 5V (£10%) 

Low Power; 303mW Active, 20mW Standby 

High speed: Access Time 120ns/150ns/200ns (max) 
Page mode capability 

Output data controlled by CAS, OE 

TTL compatible 

128 refresh cycles (Ag ~Ag, 2ms) 











HM48416AP-12, HM48416AP-15, 
HM48416AP-20 


= BLOCK DIAGRAM 
















Generator 


1/01~1/04 
Ey ba ses 


wa OV 





I/O Busses 





(Top View) 


ense-Refres. 


w—0 Vs5 


Vex Generator 


F> [Row Dec 
~|Memory, 
Array 


@ ABSOLUTE MAXIMUM RATINGS 


Address Buffers 










Address Inputs 
Column Address Strobe 
Data In/Data Out 


Aoe 





1/O01~1/04 







Rem an eae 
Voltage on any pin relative to Vgg —1.0 to +7.0 Vv — wanes Strobe 
Supply Voltage relative to Vgg —1.0 to +7.0 V ead/Write Input 
Short Circuit Output Current mA Voc __| Power (+5V) 





Power Dissipation T W Ground 


| Pr | 0 
Operating Temperature 0to+70 | °C 
Storage Temperatue —55 to +125 °C 


= RECOMMENDED DC OPERATING CONDITIONS (72a=0 to +70°C) 







Supply Voltage 


Input Voltage 


Note All voltages referenced to Vgg. 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


= DC ELECTRICAL CHARACTERISTICS (Te=0 to 70°C, Vec=5V+#10%, Vgg=0V) 





Paramater st “12 “15 -20 Notes 
[min | max [min | max | min | max | 
Operating Current (RAS, CAS Cycling: tp¢=min) ocr | = | 60.) = |] 55 | = | 45 |mA/1, 2 
Standby Current (RAS=Vj;;, Dout=High Impedance) [Jcce | — | 3.5 [ - | | — | 3.5 | mA] 
Refresh Current (RAS Cycling, CAS=V 4, tpc=min) eon | 3 tf oe te 2 
Standby Current (RAS=Vj;;, Dout Enable) lIecs | - | 55 [| - [ 55 | - [ 5.5 |[mA[ 1 
Page Mode Current (RAS=V7,,, CAS Cycling; tpc=min) | Iccg | — | 42 | - | 38 | - | 33 | mA/1,2 
Input Leakage (0< Vin <6.5V) Tur [=10[ 10 [-10 | 10 [10 [10 [aA | 
Output Leakage (Dout is disabled, 0< Vouz<5.5V) ‘Tro |-10{ 10 [-10] 10 [-10 | 10 | uA 
Output Levels High Jout=—5mA) 
Output Levels Low (out=4.2mA) You | 0] 04 | oj 04 | of 04 [vy 
Notes) 1. J¢¢ depends on output loading condition when the device is selected, J¢¢ max is specified at the output open 
condition. 


2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


@ CAPACITANCE (Vcc=5V+10%, Ta=25°C) 


Parameter 














, Kaviress 
Input Capacitance “RAS, CAS, WRITE, OE 








Output Capacitance Data In/Data out 
Notes) 1. Capacitance mesured with Boonton Meter or effective capacitance measuring method. 
2. CAS=V jy; to disable Dout. 








= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to 70°C, Voc=5V+10%, Vss=0V)): ?© 
HM48416AP-12 |HM48416AP-15 |HM48416AP-20 


ee Symbol min [mas | min | max | min | max |» ™ | No 
Random Read or Write Cycle Time 
Read-Write Cycle Time | 320 360 
Page Mode Cycle Time tpc 130 145 


Access Time from RAS TRAC 


Ps 
b>} w 


Access Time from CAS tcac 


fy 
we | Ww tN 
mir oO 


— 
S 
[=] wl rina 
o Aloln 
Ne 
wa i=] 
o Oo 


_ 

o 

O}lw 

— nd Ww 
Y \o w 
o| we i=) Oo 


Unit 
Ew 
[ni 
[ns | 
| trac | erie [| a | 
| teac | ae [ms | 
Output Buffer Turn-off Delay referenced to CAS|_ torri| | - | | ns | 5 
Transition Time (Rise and Fall) coe ins | 6 
RAS Precharge Time | ons | 
RAS Pulse Width 120 [10000 | 150 200 |10000| ns_| 
CAS Pulse Width | teas | 60 |10000 10000 | 100 |10000[ ns | 
RAS Hold Tine Vins [60 | [7s [ — [io0 | — [om | 
CAS Told Time 20 | [aso] | 200 | — [as | 
CAS to RAS Pedhaige Tine tere | -10 | - | 10 | - [-10 | — [ms | 
Row Address Setup Time re a Oa 
Row Address Hold Tine man | 8 | - [sp - || - [= 
Column Address Setup Time i a ee ee 
Column Address Hold Time Mtean | 20 | - | [> [30] — [ow | 
Column Address Hold Time referenced to RAS | tar | 80 | - {100 | - | 130 | - | ns | 
Write Command Set-up Time fives) O| = ]-0)- | of- |=] 6 
Wate Command Hold Time ela ao a 


(to be continued) 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


Parameter Symbol 


Write Command Hold Time refferenced to 


Note 


RAS asd ess eas) 
Write Command Pulse Width | twp | | 45 | —- | s5 | - [ ns | 
Write Command to RAS Lead Time l‘tpwe | 40 | - | 45 | - | 55 | - [ons | 
Write Command to CAS Lead Time [town [| 40 | - | 45 | - [ 55 | - | ns | 
Data-in Set-up Time oe ee ie ee eee ee ee ee 
Data-in Hold Time [tox | 40 | - | 45 [| - | 55 | - [ ms | 9 
Daten Hold Time referenced RAS | tpere | 100] - | 120 | - | iss | - | m | 
Read Command Set-up Time tres | 9 | - | Of - [| O[ - [ » | 
Read Command Hold Time referenced to ae Fo} - | of - | of - | m | 
CAS 

Read Command Hold Time refferenced to : | wo] - | «| - | | - |= 
RAS RRH 

Refresh Period [trer'| - | 2 | - | 2 | - | 2 | ms | 
CAS _to WE Delay Time ltcwp [| 105 | - | 125 | - | 160 | - | ns | 8 
RAS to WE Delay Time ltrwp | 165 | - | 200 | - | 260 | - | ms | 8 
Soe tw [ol fel- felt 
Cycle Only) ‘cp 

CAS Precharge Time ltopn_ | 35 | - [| 40 [ - [| 50 | - | os | 
RAS Precharge to CAS Hold Time ‘tree [| 0 | - | o | ~ | o | - [ os | 
Access Time from OE [toac | - | 35 | - | 40 | - [| so { ns | 3 
Output Buffer Turn-off Delay refferenced jtorr2| - | 38 | - | 40 | - | so | om | 5 
to OE OFF2 

OE to Data-in Delay Time jtopp | 35 | - | 4 | - | so] - | m [a 
Notes: 


1. AC measurements assume ty = Sns. 

2. Assumes that trcp Strcp (max). If trcp is greater 
than the maximum recommended value shown in this 
table, trac exceeds the value shown. 

. Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

. Assumes that tacp 2 trcp (max). 

. torr, (max) and torre (max) define the time at 
which the output achieves the open circuit condition. 

. Virz (min) and Vz; (max) are reference levels for 
measuring timing of input signals. Also, transition times 
are measured between Vjz; and V7;.. 

7. Operation within the tpcp .(max) limit insures that 
trac(max) can be met, trop (max) is specified as a 
reference point only; if trop is greater than the spe- 
cified tpcp (max) limit, then access time is controlled 
exclusively by tcc. 

8. twos, tcwp and trwp are not restrictive operating 
parameters. 


Rn AL W 


176 


9. 


10. 


They are included in the data sheet as electrical charac- 
teristics only; if twcs 2 twos (min), the cycle is an 
early write cycle and the data output pin will remain 
open circuit (high impedance) throughout the entire 
cycle; if tcowpD 2 tcwoD (min) and trwp 2 trwD (min) 
the cycle is a read-write cycle and the data output will 
contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

These parameters are referenced to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. : 
An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. _ 


. In delayed write or read-modify-write cycles, OE must 


disable output buffers prior to applying data to the 
device. 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


# TIMING WAVEFORMS 


@ Read Cycle 
RAS 


Address 


WRITE 





1/0 


VALID 
4 OUTPUT y 


trac 


torr2 
toac 


* (—_): Don’t care 


@ Early Write Cycle 


trp 


tcrP 


CAS 
sare Jf v0 K_couweX [| 


1/0 Zz VALID INPUT ) 
Loe 


tos * OE : Don’t care 
C—): Don’t care 
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HM48416AP-1 2, HM48416AP-15, HM48416AP-20 


@ Delayed Write Cycle 





Address row NcouumnK ||) 








J} tan 
tcwL 
tRWL 
ce twcH 
ware | _A 
twp. 
tou 
J ns 
1/0 MIVALID INPUT) 
topp 
OE *([): Don’t care 
@ Read Modify Write Cycle 
RAS trwe 
ERAS 
) . 
i= tcas tcrP 
= tcsu 
CAS 
tcPNn 
a 
Address { row } pl COLUM 
tcaH tcwL 
tRWL 
tcwb 
tpu 
—— 2CAC 
OPEN 
VALID 
1/0 PD fe ry 
toac topp 
OE 


*[—_]: Don’t care 
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HM48416AP-12, HM48416AP-15, HM48416AP-20 


@ Page Mode Read Cycle 
RAS 


tcsH 


tr tpc 
; trcp 
CAS tcas tcas 
a [ 
tasR ies 








Address Nf ROW X ) oe 
WRITE i, \/ 
j>—————-!RAC 
sides 
p= | 
1/0 OPEN VALID fy 
OUTPUT 
toac 
OE 
@ Page Mode Write Cycle 
RAS tRAS 
tcsH 








WRITE 
tos 
tow 
VALID VALID 
uy x INPUT K Xx INPUT__} 
i tpuR 
topp 
OE 
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trp 


*(—_]: Don’t care 


tcRP 


trsH 


tcas 


tRWL: 


ia sa) 
iN 
Epa 


tos 


{ VALID } 
INPUT 


ee a eer 


*("~): Don’t care 
179 


HM48416AP-12, HM48416AP-15, HM48416AP-20 


e@ RAS Only Refresh Cycle 


irc 


tRAS 
tre 
?RPC 


i | | | 





Address 


OPEN 





V/o 
*OE, WE: Don’t care 
("—}: Don’t care 
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HM4864-2, HM4864-3 
HM4864P-2, HM4864P-3 


65536- word x 1-bit Dynamic Random Access Memory 


The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHI’s double-poly N-channel HM 4864-2, HM 4864-3 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 


+5V with +10% tolerance, direct interfacing capability with high (DG -16A ) 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize ‘‘false triggering” of the inputs, on-chip HM4864P -2, HM 4864P -3 


address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read,write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper contro! of the clock inputs (RAS, CAS, and WE) allows 
common 1/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 


@ FEATURES MPIN ARRANGEMENT 
@ Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 
200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 
Single power supply of +5V+10% with a built-in Vgg generator 
Low Power; 330 mW active. 20 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected 
against static charge 

Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

@ Common I/O capability using “early write’ operation 











@ Read-Modify-Write, RAS-only refresh, and Page-mode capability 
@ 128 refresh cycle (Top View) 
Ao-Az Address Inputs 
CAS Column Address Strobe 
Din Data In 
Dout Data Out 
RAS Row Address Strobe 
WE Read/Write Input 
Vec Power (+5V) 
Vss Ground 
Ao-As Refresh Address Input 
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HM4864- 2, HM4864-3, HM4864P-2, HM4864P-3 


MFUNCTIONAL BLOCK DIAGRAM 




























pe 
RAS © RAS Clock Memor & Memor: 
ary | [2| | array M ABSOLUTE MAXIMUM RATINGS 
TAS | Row Dec. Kp G=} Row Dec. > Dot Voltage on any pin relative 
2 toVss ..... sare teehee as -1.0 to +7V 
i ‘: : 0 Vee Operating Temperature, Ta 
ei weno ele le Ea —vs  (Ambient)..........-. .. Oto +70°C 
jemory JNO 
(oT oe » Ties Storage Temperature 
i - + (Ambient) ...... . , -65 to +150°C (Cerdip) 
g 3 b cy Row Dec. = ; 
2 E : -55 to +125°C (Plastic) 
z 3 Short-circuit Output Current . 50mA 
e ee Power Dissipation ...... ... IW 







Parameter 







Supply Voltage 





Input High Voltage 





Input Low Voltage 


OPERATING CURRENT I _ 2.4 
Average Power Supply Operating Current (RAS, CAS Cycling; t xc™min. ) gia : 
STANDBY CURRENT I ms 2 
Power Supply Standby Current (RAS = Vin, Dout =High Impedance) oc ‘ 








REFRESH CURRENT 

Average Power Supply Current, Refresh Mode Ice3 mA 2,4 
(RAS Cycling, CAS = Vin; tac™ min. ) 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation Tees mA 2,4 
(RAS = Viz, CAS Cycling; tec min. ) 

INPUT LEAKAGE 

Input Leakage Current, any Input (Vi,=0 to +6.5V, all other pins not Tu HA 

under test ~0V ) 

OUTPUT LEAKAGE om my" 3 
Output Leakage Current (Dout is disabled, V.u=0 to +5.5V) 

OUTPUT LEVELS V, V, Vv 

Output High (Logic 1) Voltage (Jue =—5mA ) Ve. 0.4 Vv 

Output Low (Logic 0) Voltage (Ju: =4.2mA ) ss ; 


NOTES 
1. All voltages referenced to Vgg. 
2. I¢c depends on output loading condition when the device is selected. Joc max. is specified at the output open condition. 


3. JLo consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


MAC ELECTRICAL CHARACTERISTICS 





Parameter 









Input Capacitance (Ao~Arz, Din) 
Input Capacitance (RAS, CAS, WE) 
Output Capacitance (Dout ) 
NOTES 


1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS= Ving to disable DoutT- 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS ”:” 


(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


Parameter 





Random Read or Write Cycle Time 
Read-Write Cycle Time 

Page Mode Cycle Time 

Access Time from RAS” 

Access Time from CAS” 

Output Buffer Turn-off Delay 
Transition Time (Rise and Fall ) 

RAS Precharge Time 

RAS Pulse Width 

RAS Hold Time 

CAS Pulse Width 

CAS Hold Time 

RAS to CAS Delay Time 

CAS to RAS Precharge Time 
Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

Column Address Hold Time referenced to RAS- 
Read Command Set-up Time 

Read Command Hold Time 

Write Command Hold Time 

Write Command Hold Time referenced to RAS” 
Write Command Pulse Width 

Write Command to RAS Lead Time 
Write Command to CAS Lead Time 
Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time referenced to RAS” 
CAS Precharge Time (for Page-mode Cycle Only) 
Refresh Period 

Write Command Set-up Time 

CAS to WE Delay 


RAS to WE Delay 
RAS Precharge to CAS Hold Time 


NOTES 

1. AC measurements assume ty = Sns. 

2. 8 cycles are required after power-on or prolonged 
periods (greater than 2ms) of RAS -inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. Vyzz (min) and V7zz (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7z,; and V7. 

4. Assumes that trcp < trcp (max). If tecp is greater 
than the maximum recommended value shown in this 
table tr 4c exceeds the value shown. 

5. Assumes that tpcp 2trep (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the tecp (max) limit insures that 
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trac (max) can be met, trcp (max) is specified as a 
reference point only; if trcp is greater than the 
specified trcp (max) limit, then access time is 
controlled exclusively betc4c. ____ 

9. These parameters are reference to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twos, tcwp and trwp ate not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if twcs 2twegs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if tcwp 2 tcwp (min) and trwp2 
trwp (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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HM4864- 2, HM4864-3, HM4864P- 2, HM4864P-3 


MTIMING WAVEFORMS 
@READ CYCLE 
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@WRITE CYCLE 
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@READ-WRITE/READ-MODIFY-WRITE CYCLE 












—— V; 
gag 
Vie k 
ine Ne ae 
Vie — 
ie a a 
adiress Row Aaaress KK {Colum Aides SiC 





z 
poet | —] 


tos’ be— ton 


Di {valid dove 
Vea 


184 @ HITACHI 


so HM 864-2, HM 4864-3, HM4864P-2, HM4864P-3 


@“RAS-ONLY” REFRESH CYCLE 


RAS 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


MITYPICAL CHARACTERISTICS 


ACCESS TIME ACCESS TIME 
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 





3 3 
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< z 
—20 10 40 70 loo 
Supply Voltage Vcc (V) Ambient Temperature Ta (‘C) 
SUPPLY CURRENT SUPPLY CURRENT 


vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE 


270ns 


Supply Current JIcci (Operation? (mA) 


Supply Current Icc: (Operation) (mA) 





Supply Voltage Voc (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT SUPPLY CURRENT 
vs. CYCLE RATE vs. SUPPLY VOLTAGE 


50 
Vee =5.5V 
Ta=20°C 
tap=100ns 


Ta=20°C 


Supply Current Icci(Operation) (mA) 
Supply Current Icc2 (Stand By) (mA) 





Cycle Rate(1/tac) (MHz) Supply Voltage Vec (V) 
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Supply Current Icc2 (Stand By) (mA) 


Supply Current Icc3 (Refresh Cycle) (mA) 


mA: 


Supply Current Icce ‘Page Mode Cycle: : 


4 





SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V3 


HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


330 
590 


4.0 45 5.0 5.5 6.0 


Supply Current Icca (Refresh Cycle) (mA) 





Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 


Veco =S.5\ 
Ta =2U'C 
tap =100ns 


Supply Voltage Iccs (Refresh Cycle) (mA) 





Cycle Rate (1/txc)( MHz) 


SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


mA) 


Supply Current Jcc« (Page Mode Cycle) ( 





—20 10 40 70 100 


Ambient Temperature Ju (°C 


@ HITACHI 187 





HM4864-2, HM4864-3, HM4864P-2, HM4864P- 3 —#£.—_—- 
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Supply Current Iccs (Page Mode Cycle) (mA) 


Ai,Din Input Level (V) 


Clock Input Level (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 


Veco =5.5V 
Ta=20'C 
ter s60ns 





Cycle Rate (1/tpc) (MHz) 


INPUT LEVEL 
vs. AMBIENT TEMPERATURE 


23 





Lo 


05 
-20 10 ww mW 100 


Ambient Temperature Ta (°C) 


CLOCK INPUT LEVEL 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 
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INPUT LEVEL 
vs. SUPPLY VOLTAGE 


25 


Ai,Din Input Level (V) 





Supply Voltage Vcc (V) 


CLOCK INPUT LEVEL 
vs. SUPPLY VOLTAGE 





Clock Input Level (V) 


Supply Voltage Vec (V) 


HM4864- 2, HM4864-3, HM4864P- 2, HM4864P- 3 


RAS/CAS Cycle Long RAS/CAS Cycle 
RAS 


CAS 


lec (mA) 


Note: Voc =5.0V, Ta=20°C 


el dieeeee 


MAPPLICATION INFORMATION 

@POWER ON 

An initial pause of 500 us is required after power-up.and a 
minimum of eight (8) initialization cycle,(any combination of 
cycles containing a RAS clock such as RAS-only refresh) must 
follow an initial pause. 

The Vec current (/¢c) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vcc, as shown in Fig. 1. 





@READ CYCLE 

A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter tase . 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is tgay. Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter tacp. The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tasc.. The column address must be held stable long 
enough to be captured. The controlling parameter is tcqgy. 
Note that tacp (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tacp (max), the access time from 
RAS will be increased by the time which tacp exceeds tacp 
(max). 

Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is tcac -access time from CAS. 
The access time from RAS—tpac—is the, time from RAS-on 
to valid Dout. 

The minimum value of trac is derived as the sum of tacp 
(max) and teac. 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is torF . 
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RAS Only Cycle 
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Fig.1 Icc vS. Vec during power up. 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


@ WRITE CYCLE 

A write cycle is performed by bringing WE low 
before or during CAS-on. 

Two different write cycles can be defined as; 

Write cycle—Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 

Following the time when WE reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called twp. The time 
required to capture write data in a latch is called 
toy. This cycle is called an “early write”. 


Read Write cycle—This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle 
is called a “delayed write’. A “Read-modify-write”’ 
cycle is a variation of this operation. In this mode, 
Din and WE become critical path signals for 
determining cycle time. 


@ CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter tcas (min). 

In the case of RAS, this is controlled by parameter 
tcas (min). Following the end of RAS, CAS must 
stay off long enough to precharge internal circuits. 
The only parameter of concern is tgp. Normally 
CAS is not required to be off for minimum time of 
tcrp. However, in a page mode memory operation, 
there is a tcp (min) specification to control the 
CAS-off time. 


@ DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 

When CAS is high, Dout is in a high impedance 
state. When CAS is low, valid data appears after 
tcac at a read cycle, and Dout is not valid as an 
early-write cycle. 
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@ REFRESH 

Refresh of the HM4864 is accomplished by per- 
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to A6 are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either Vj, or Vi} is permitted for A7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re- 
duction in power is reflected in the /c¢¢3 specifica- 
tion. 


@ PAGE MODE 

Page mode operation allows faster successive memo- 
ry operations at multiple column locations of the 
same row address with increased speed. 

This is done by strobing the row address into the 
chip and maintaining RAS at a logic low throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
power is reduced, These are specifications. 
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HM4864A-12, HM4864A-15,—___— 
HM4864A-20, HM4864AP-12, 
HM4864AP-15, HM4864AP-20 


65536-word < 1-bit Dynamic Random Access Memory 


iF 


RAS © 


CAS © 


Refresh Addresses 


EATURES 

Industry standard 16- Pin DIP (plastic, Cerdip) 
Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 250mW active, 18mW standby 
High speed: Access Time 120ns / 150ns / 200ns 
Common 1/O capability using early write operation. 
Page mode capability 

Output data controlled by CAS 

TTL compatible 

128 refresh cycles — (2ms) 

Hidden refresh capability 
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M ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vgg ------- +--+ —1V to7V 
Operating temperature, Ta (Ambient) -----.-+-- 0°C to 70°C 
Storage temperature (Cerdip) ------+---+-+++-: —65°C to 150°C 
Storage temperature (Plastic) ------++-eeeeeees —55°C to 125°C 
Power dissipation Se ee a rary 1W 

Short circuit output current +++ +++ +e eee eee eee 50 mA 


MB RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Input High Voltage 


Input Low Voltage 





Notes : 1. All voltages referenced to Vss 
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HM 4864A-12, HM 4864A-15, 
HM 4864A-20 


(DG-16B) 


HM 4864AP-12, HM4864AP-15, 
HM 4864AP-20 


PIN ARRANGEMENT 





(Top View) 


AQ—A7 : Address Inputs 


CAS : - Column Address Strobe 
Din : Dataln 

Dout : Data Output 

RAS : Row Address Strobe 
WE : Read/Write Input 

Vec : Power (+5V) 

Vss : Ground 


AO—-A6 : Refresh Address Inputs 
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HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vc=5V+10%, Vss=0V) 


— os a TT 
Operating Current(RAS,CAS Cycling: xc=min) | tes | — | 55 [| — | 50 | — [| 44 | mA [| 1,2 
Standby Cnrrent(RAS = Vix,Dout=High Impedance) | Ice | — | 3.5 | — | 3.5 | -— | 3.5 | mA | 
Refresh Current(RAS Cycling, = Via,tacm min) | Ices | — | 42 | — { 38 | — | 33 | mA | 2 
Standby Current(RAS—Vin,Dout Enable) | tees | — | 5.5 | — [| 5.5 | — [5.5 | mA | 1 
Page Mode CurrentRAS=Vi,CRS Cyclingitrcmmin) [Tee | = [38 | = | | — | a [ aA] 12 
Tapa Leakagel0<Vi<6.5¥) re 
Output Leakage(Dout is disabled,0<V..<5.5V) | to | —10 | 10 [| —10 | | -10 | 10 | #A | 
Output Levels High(I.——5mA) | Vow | 2.4 | Vee | 2.4 | Voc | 2.4 | Vee | V | 
Output Levels Low(I..=4.2mA) Vou ; 0 | 04 7 0 | Vv 


Notes) 1. Jcc depends on output loading condition when the device is selected, Ja- max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


ME CAPACITANCE (Vcc=5V+10%, Ta=25'°C) 





Parameter 











Input Capacitance 


Output Capacitance 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2, TAS =Vin to disable Dout. 


MI ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 


Parameter 


Access Time From RAS" 

Access Time From CAS" 

Output Buffer Turn-off Delay 

Transition Time (Rise and’ Fall) 

Random Read or Write Cycle Time 

RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 

Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

Column Address Hold Time Referenced to RAS” 
WE Command Set-up Time 

Write Command Hold Time 

Write Command Hold Time Referenced to RAS 
Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time Referenced to RAS” 

Read Command Set-up Time | 

Read Command Hold Time Referenced to CAS" 
Read Command Hold Time Referenced to RAS” 
Refresh Period 

Read-Write Cycle Time 

CAS to WE Delay 

RAS to WE Delay 

Page Mode Cycle Time 

CAS Precharge Time (for Page-mode Cycle Only) 
CAS Precharge Time 

RAS Precharge to CAS Hold Time 
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a 
min [max [min | max | min | max 


| tmc | — { 1a] ~ | 150[ ~ | 200] ns | 23 
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5 
6 


Notes 


1. 
2. 


AC measurements assume ty = S5ns. 8. 
Assumes that trcp < trcp (max). If trop is greater 
than the maximum recommended value shown in this 
table, tr 4c exceeds the value shown. 

Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

Assumes that trpcp 2trcp (max). 

torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

Viyz (min) and Vyz (max) are reference levels for 
measuring timing of input signals. Also, transition 


times are measured between V7;; and V7, 9. 


Operation with the tecp (max) limit insures that 
trac (max) can be met, trop (max) is specified as a 
reference point only, if trop is greater than the 
specified trop (max) limit, then access time is 
controlled exclusively by tc4c. 


TIMING WAVEFORMS 
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@WRITE CYCLE (EARLY WRITE) 


10. 


i tas 






HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP- 20 


twos, tcwp and tr yp are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twog 2tweg (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if towp 2 tcwp (min) and tpwp 2 
trwp (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. 
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Open 





Cc) Don’t Care 
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HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP-12, HM4864AP-15, HM4864AP-20 


@READ- WRITE/READ-MODIFY-WRITE CYCLE 


| 


q 
>| 
n 


aaa 
iD CL CE 


V; 
Vin RR SReTCSeES 
WE . 


Addresses 





Vou Open 
Dout 


Vow 


[J Don’t Care 
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HM4864A-12, HM4864A-15, HM4864A- 20, 
HM4864AP- 12, HM4864AP-15, HM4864AP- 20 


@PAGE MODE WRITE CYCLE 


Addresses ie 





CJ Don't Care 
@HIDDEN REFRESH CYCLE 


Addresses 
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HM4864ACG- 12, HM4864ACG- 15, 
HM4864ACG-20 


65536-word x 1-bit Dynamic Random Access Memory 
@ FEATURES 

18-pin Leadless Chip Carrier 

Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 250mW active, 18mW standby 

High speed: Access Time 120/150/200ns (max) 
Common I/O capability using early write operation 
Page mode capability 

Output data controlled by CAS 

TTL compatible 

128 refresh cycles/2ms 

Hidden refresh capability 





PIN ARRANGEMENT 
MIBLOCK DIAGRAM 
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AO—A7 : Address Inputs 


CAS : Column Address Strobe 
MABSOLUTE MAXIMUM RATINGS Din : Data tn 
in relative to V “iVto+7v Bout ==“ Data Output 
Voltage on any pin relative SS e Gs Ss Se weer we ae P y RAS 5 Raw Adiebas Givcbs 
Operating temperature, Ta (Ambient)............. QCto+70 C WE : Read/Write Input 
Storage temperature .. 0... 0.00. ce eee ees -65°C to +150°C Vcc : Power (+5v) 
Pp ate 1W Vss : Ground 
ower Dissipation .. 0... 2. ce ee te ee ee te tw ens AO—AG : Refresh Address Inputs 


Short circuit output current .. 2... .0. 0... ee ee ene 50mA 


MRECOMMENDED DC OPERATING CONDITIONS ( Ta=0 to 70°C) 


Parameter 


Supply Voltage 


Input High Voltage 


Input Low Voltage 





Notes : 1. All voltages referenced to Vss 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG- 20 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 
ere | Symbor NBS CO=22_ MARCEL HARE a ore 
Pain [max [win] max | min | ua] 
Operating Current(RAS,CAS Cycling:trc=min) | Icr | — | 55 | — [| 50 | — | 44 [| mA | 1,2 
Standby Cnrrent(RAS — Vin,Dout=High Impedance) | Tece | — | 3.5 | — | 3.5 | — | 3.5 | mA | 
Refresh Current(RAS Cycling, CAS ~ Vim trc—min) | tecs [| — | 42 [| — [| 38 | — | 33 | ma | 2 





Standby Current(RAS —Vix,Dout Enable) | Ices | — | 5.5 | — [| 5.5 [ — | 5.5 | mA [1 
Page Mode Current(RAS=V;.,CAS Cycling;tpc™ min) | Icce | — | 38 {| — [| 35 [| — | 31 | mA | 1,2 
Input Leakage(0<V..,<6.5V) | tu | -10 | 10 | ~10 | 10 | 10] 10 | #A | 
Output Leakage(Dout is disabled,0<V...<5.5V) | Ino | —10 | 10 { —10 { 10 | —10{ 10 | #A | 
Output Levels High(I——5mA) | Vow | 2.4 | Vec | 2.4 | Veo | 2.4 | Veo | V | 
Output Levels Low(Iv=4.2mA) [| Vou [| o fos fo [04 | of o4] Vv 


Notes) 1. Icc depends on output loading condition when the device is selected, Ju max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


ME CAPACITANCE (Vcc=5V1+10%, Ta=25°C) 












Ao~Az, Din 


RAS, CAS, WE Cin2 — 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 


2, CAS ~Vi, to disable Dout. 


MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to 70°C, Vec=5V+10%, Vss=0V) 





Input Capacitance 











Output Capacitance 

















Access Time From RAS ren ee oe ae 2,3 
Access Time From CAS” [ tcc [| — | oof — | 2% [ -J[ 100] ns [ 3,4 
Output Buffer Turn-off Delay dope] abe) a 80 | na |S 
Transition Time (Rise and Fall) tr ee ee ee ee 6 
Random Read or Write Cycle Time trc | 2200 | —! 260 { —]| 330 | —| ns | 
RAS Precharge Time Rae ie ees eee 

RAS Pulse Width ts | 120 | 10000 | 150 | 10000 | 200 | 10000 | ns _| 
CAS Pulse Width teas | 60 | 10000 | 75 | 10000 | 100 [ 10000 | ns _| 
RAS to CAS Delay Time | taco | 25 | 60 | | 30 | 100 | ns | 7 
RAS Hold Time ee es a iets | 
CAS Hold Time test ha Cie 2 eee ee 
CAS to RAS Precharge Time toar Fe Ses Gs 

Row Address Set-up Time i Be ee ee ee 

Row Address Hold Time [tow | 35 | - | 15 | --| 20 | -| ns | 
Column Address Set-up Time Pe a a Cn a ee ee 
Column Address Hold Time | tcw | 20 | — |} 2 | ~J| 30 | —]{ ns | 
Column Address Hold Time Referenced to RAS Ee ec ee ee ee 

WE Command Set-up Time Re ee ee ae 
Write Command Hold Time | twew | 40 | — | | 55 | —| ns | 
Write Command Hold Time Referenced to RAS" | twee | 100 | —| 120] —J| 155 | —J| ns | 
Write Command Pulse Width | we | 40 | — | ee 

Write Command to RAS Lead Time | tw. | 40 [| -~]| 6 [| —| we a 
Write Command to CAS Lead Time [ tw. | 40 | -—| «5 | —/] | —| ns | 
Data-in Set-up Time oe ee Se ee eee | | ns [8 
Data-in Hold Time | tw | 40 | | a | —| sj ~| os | 9 
Data-in Hold Time Referenced to RAS” | tov | 100 | — | 120 [ —]| 155 |, —{[ ons | 
Read Command Set-up Time 7 a ee ee eee 


Read Command Hold Time Referenced to CAS. b otien Sf 0e Je = ee eh Oe ee na 
Read Command Hold Time Referenced to RAS | teew | 10 | — | 10] —/| 10] —| os | 


Refresh Period [iS dese or eel SS Pah eral a as | 
Read-Write Cycle Time ee ee 
CAS to WE Delay two | 40 | —| 4 | —| 55 | —T| ns | 8 
RAS to WE Delay | two | 100 | — | 120 | —| 155 | —J| ns | 
Page Mode Cycle Time | te | 120] ad | tg ne 
CAS Precharge Time (for Page-mode Cycle Only) eS 
CAS Precharge Time ee ee ee ee ee ee 

RAS Precharge to CAS Hold Time ewe ee ee eae 
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HM4864ACG-12, HM4864ACG-15, HM4864ACG- 20 


Notes 

1. AC measurements assume ty = Sns. 

2. Assumes that tpcp < tRCp (max). If trcp is greater 
than the maximum recommended value shown in this 
table, tr 4c exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and 100pF. 

4. Assumes that trcp 2 trcp (max). 

5. torr (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Viz (min) and Vjzz (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V7;; and V7,.. 

7.. Operation with the trcp (max) limit insures that 


trac (max) can be met, tecp (max) is specified as a 
reference point only, if tecp is greater than the 
specified trop (max) limit, then access time is 
controlled exclusively by tc4c. 


TIMING WAVEFORMS 
@READ CYCLE 


198 


x 
~ 
uw 


Le? 
st 


Case =: 


Addresses 


Vin = 
Vin 
Vie 


a” on 
as 


Vin 





8. twcs, tcwp and trwp are not restrictive operating 


10. 


| Colunn Address | ‘olumn Address 








Pe 


parameters. 

They are included in the data sheet is electrical 
characteristics only; if twos 2twcg (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if towp 2 tcwp (min) and trwp 2 
trwp (min) the cycle is a read-write and: the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

There parameters are referenced to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

An initial pause of 100us is required after power-up 
followed by a minimum of 8 initialization cycles. 


te 


ic rr 








Addresses ( [Row Address | Address K ) ‘ [Column Address | ry oe Be 
Vin 
— Vie 
WE 
Vin 
fotos ss 
; Vin 
vn at wae 
Dout Vow ‘ 





Co Don’t Care 


© HITACHI 


HM4864ACG- 12, HM4864ACG-15, HM4864ACG- 20 


@ READ- WRITE/READ-MODIFY-WRITE CYCLE 


| 


QO 
>| 
ww 


Vin 
Vin aay 
CID. @ Gain 


Addresses 





WE 
Vin 
Von 
Dout q Valid Data D 
Vor 
Vin 
Din ( Valid Data 
Viz 


C) Don't Care 


Addresses “ 








Dout 


Cc) Don’t Care 


@PAGE MODE READ CYCLE 


Addresses 
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'HM4864ACG-1 2, HM4864ACG-15, HM4864ACG- 20 


@PAGE MODE WRITE CYCLE 


Addresses y 





Cc) Don’t Care 
@HIDDEN REFRESH CYCLE 


Vin | Ly = nee pe 
- Row Column N Row ) 
Addresses Address Al | Address ( Address 


= aerate 


Dout 
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HM50256-12,HM50256-15, —__ 
HM50256-20,HMS50256P-12, 
HM50256P-15,HMS50256P-20 


262144-word x 1-bit Dynamic Random Access Memory 11M50256 Series 


MFEATURES 

® Industry Standard 16-Pin DIP 

@ Single 5V (+10%) 

On chip substrate bias generator 

Low Power: 350mW active, 20mW standby 

High speed: Access Time 120ns/150ns/200ns(max.) 

Common !/O capability using early write operation 

Page mode capability 

TTL compatible HMS50256P Series 

256 refresh cycles +--+ (4ms) 

3 variations of refresh - - - RAS only refresh, CAS before RAS 
refresh, Hidden refresh 


(DG-16B) 


MIBLOCK DIAGRAM 





(DP-16A) 





Buffer 







MIPIN ARRANGEMENT 

















Azo 8 $ 8 
S}8/g 
a 8 P 5 reey 
</Z|< 
Ao gle A 
| 5 i § (Top View) 
arQ-ar7, aci)-ac7 Ae~As Address Inputs 
CAS Column Address Strobe 
MABSOLUTE MAXIMUM RATINGS Generator Din Data In 
Voltage on any pin relative to Vgg ... 2... ee -1V to +7V Dout Data Out 
Operating temperature, Ta (Ambient)......... 0°C to +70°C RAS Row. Address Strobe 
Storage temperature ............ (Cerdip) -65°C to +150°C WE Read/Write Input 
(Plastic DIP) -55°C to +125°C Veo Power (+5V) 
Power dissipation ......... 0.000 cee ecw ee ee eee 1W Vss Ground 
Short circuit output current .........0...c00 0 cease 50mA Ao~Ar Refresh Address Inputs 
HARECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C) 


Parameter 


Supply Voltage 


Input High Voltage 
Input Low Voltage 





Note) 1. All voltages referenced to Vss 
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HM50256-1 2, HM50256-15, HM50256-20 
HMS50256P-12, HM50256P-15, HM50256P-20 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 
' HM50256/P-12 | HM50256/P- 


im 
nn 


--PPPRP ERE 


Parameter ymin | rnin | nit Notes 
Operating Current(RAS, CAS Cycling : tac™min) Tce1 | — | | — | 1 
Standby Current(RAS = V;x, Dout=High Impedance) Iccz 


ae 
Refresh Current(RAS only Refresh, trc™min) Ices | — | 
Standby Current(RAS = Vix, Dout Enable) Tees | | 
Refresh Current(CAS before RAS Refresh, trc=min) Tece | | 
Input leakage(0< Viu< 7V) I 
Output leakage(0< Vau<7V) I 
Output levels High( J... —5mA) 
Output levels Low(I.u=4.2mA) 


Ww 
~~ 
3 


Notes) 1. Icc depends on output loading condition when the device is selected. cc max is specified at the output open condition. 


u 
Lo 
Vou 
Vor 


S| 

a 1o 

Q oO 
—_ 


MECAPACITANCE (Vcc=5V+410%, Ta=25°C) 














Parameter 


| Address, Data-in | Cn S| OO OT 
[Glocks, Datwout |e PT 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=Viy to disable Dout. 


Input Capacitance 








MIELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V10%, Vss—0V) 11) 


— 


Parameter Symbo 


~ 


on 
kor) 
~s 
ac) 
i 
mi 

Hl : 
' 


Access Time from RAS 


3 
Access Time from CAS tcac | 60{ — | 75} — | 100] ns | , 4 
Output Buffer Turn-off Delay torr | 30; — | 40} — | 50] ns | 5 
Transition Time(Rise and Fall) tr | 50] 3 | so] 3 | 50] ns | 6 
Random Read or Write Cycle Time RC | 20 | —| 330 | —]| ns | 


RAS Precharge Time 
RAS Pulse Width 


CAS Pulse Width teas 10000 | ns_| 
RAS to CAS Delay Time t rep | 100{ ns | 7 
RAS Hold Time | ns | 


CAS Hold Time tos 
CAS to RAS Precharge Time tcrp 
Row Address Set-up Time 
Row Address Hold Time 
Column Address Set-up Time tasc 
Column Address Hold Time tcan 
Column Address Hold Time referenced to RAS 
WE Command Set-up Time 

Write Command Hold Time 

Write Command Hold Time referenced to RAS 
Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Set-up Time 

Data-in Hold Time 

Data-in Hold Time referenced to RAS 

Read Command Set-up Time 

Read Command Hold Time referenced to CAS trcu 
Read Command Hold Time referenced to RAS 
Refresh Period 


10000 
ead 
ee 
ei 
i 
ae 
es ee 
eee 
= 
Ee 
r= 
— 
id 
ee 
ms 


fact 
z 
on 
So: 
iw) 


slo 
3|s 
olo 


~ 


REF 
(to be continued) 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HMS50256P-20 


‘ eee 12 | HM50256/P-15 [HM50256/P-20| a roe 
orn so [imax | min [ max | min [ max | | Nott 
Read-Write Cycle Time | — | 30 | — | 30 | — | os | 
CAS to WE Delay Eee we et ale ce 8 
RAS to WE Delay | two | 120 | — | 150 | — | 20 | — | ns | 
CAS Precharge Time | teow | 50 | — [| 6 | — | a | — | ns | 
CAS Setup Time Pa ie eee ee 
CAS Hold Time (GAS before RAS Refresh) | tom | 120 | — | 150 | — | 200 | — | os | 
RAS Precharge io CAS Hold Tine Pe [ota eft eta T at 
Notes 
1. AC measurements assume t7 = Sns. 8. twos, tcwp and trwp are not restrictive operating 
2. Assumes that tpcp < trep (max). If trop is greater parameters. 
than the maximum recommended value shown in this They are included in the data sheet as electrical 
table, tp 4c exceeds the value shown. characteristics only; if twos 2twcs (min), the cycle 
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will 
and 100pF. remain open circuit (high impedance) throughout the 
4. Assumes that trcp2 trop (max). entire cycle; if town = tcwp (min) and trwp 2 
5. torr (max) defines the time at which the output 'RwD (min), the cycle is a read-write and the data 
achieves the open circuit condition and output voltage output will contain data read from the selected cell; if 
levels are not referred. _ neither of the above sets of conditions is satisfied the 
6. Viz (min) and Vz; (max) are reference levels for condition of the data out (at access time) is indeter- 
measuring timing of input signals. Also, transition minate. 
times are measured between V7;; and V7. 9. These parameters are referenced to TAS leading edge 
7. Operation with the trop (max) limit insures that in early write cycles and to WE leading edge in delayed 
trac (max) can be met, trop (max) is specified as a write or read-modify-write cycles. 
reference point only; if ‘rcp is greater than the 10. An initial pause of 100us is required after power-up 
specified trop (max) limit, access time is controlled then execute at least 8 initialization cycles. 
exclusively by tc,c. 11. At least,8 CAS before RAS refesh cycle are required 


before using internal refresh counter. 


MITIMING WAVEFORMS 
@READ CYCLE 


tre: 


=— tras 


trcp trsu 


tcr 
tesa cer 


tcas 
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a <1 ef bse 
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tres tren 








Dout 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


@WRITE CYCLE 


tras 


| 


eo) 
> 
ny 


{rep 


tRwe 


tras 
tase toan 
tcwh 


“ CCK ; 


QQ 
>| 
nr 





Dout 


@READ MODIFY WRITE CYCLE 


trwe 


tRwe 


tCwL 
ee ee 


a ag ga sary 


ar 


aD: aa < 


tcac 


trac 


Dout 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-1 2, HM50256P-15, HM50256P-20 


@RAS ONLY REFRESH CYCLE 


RAS 
ERAS 
trec 
tore 
AS . 


c 


taSR tRAH 


Address \F * / 
XK 


* REFRESH ADDRESS Ao— Ar(AXo—AX7) 


@HIDDEN REFRESH CYCLE 





RAS (READ) teas (REFRESH) 


Address 


torr. 


Dou : > 


@CAS BEFORE RAS REFRESH CYCLE 





SS 


Address 
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HM50256-12, HM50256-15, HM50256-20 
HM50256P-12, HMS50256P-15, HM50256P-20 


@ COUNTER TEST 


AS (REFRESH) (READ/WRITE) 


Q| 
> 
172) 


tcuRr tcas 


= Xo XK XN KK 


WRITE 



























ana ae 

ea ee min [max [min [max _| 2 
Page Mode Supply Carron pie ss er ee ee 
Piet ede Neda Wewl@ae= eae fe | 
CAS Precharge Time, Page Cycle tcp | so | — [| o {| — | 
Page Mode Read Modify Write Cycle | 15 | — | 15 | — | 





@PAGE MODE READ CYCLE 


RAS 
tras 


tec 
CAS 
tCas tcp. tcas 
tase | tasc He a! 


naa +t 
A RA 


trcs ae tren 
b 4 y, 





tcac tcac 
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HM60256-12, HMS50256-15, HM50256-20 
HM50256P-12, HM50256P-15, HM50256P-20 


@PAGE MODE WRITE CYCLE 


CAS tcas tcas 
tase i = {CAH 


“et MT OK TTR 


twcs 


= ii oom lle ; 
ee 
: ak ot “K 


Dout 
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HM502577-12,HM50257-15,—___ 
HM50257-20,HMS025 7P-12, 
HMS50257P-15,HM50257P-20 


262144-word x 1-bit Dynamic Random Access Memory 


Wi FEATURES 

@ Industry standard 16-pin DIP 

Single 5V (10%) 

On chip substrate bias generator 

Low Power: 350mW active, 20mW standby 

High speed: Access Time 120ns/150ns/200ns (max.) 

Common I/O capability using early write operation 

Nibble mode capability 

TTL compatible 

256 refresh cycles ..... (4ms) 

3 Variations of refresh; RAS only refresh, CAS before RAS 
refresh, Hidden refresh 


M BLOCK DIAGRAM 


Sense Amps & I/O Gates 
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Co 
Ola 
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oie eee | ae ee 
Decoder ad | Decoder 


Memory 
Array 


Memory 


Buffers Array 


Sense Amps & I/O Gates 
Column Decoder 
Sense Amps & I/O Gates 





ar0-ar7, act)-ac? 


M@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vgg ... 0... ee eee -1V to+7V 
Operating temperature, Ta (Ambient). ......... 0°C to +70°C 
Storage temperature ............. (Cerdip) -65°C to +150°C 

(Plastic DIP) -55°C to +125°C 
Power dissipation ... 0... 0.0.0 ce ee eee eee et ee eee 1W 
Short circuit output current .......... 0c cee eeu e ee 50mA 


Parameter 








Supply Voltage 
Input High Voltage 


s 








HM50257 Series 


(DG-16B) 


HM50257P Series 


(DP-16A) 


PIN ARRANGEMENT 





(Top View) 











Address Inputs i 
Column Address Strobe 
Data In 












Row Address Strobe 
Read/Write Input 
Power (+5V) 
5, 
Refresh Address Inputs 
















Input Low Voltage 


Note 1) All voltages referenced to Vss. 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HM50257P-15, HM50257P-20 


MOC ELECTRICAL CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 


HM50257-12 HM50257-15 HM50257-20 
Symbol 


Parameter nit | Notes 


|_HM50257-20 | 
ee [min | max | min | max | min | max | 
Operating Current (RAS, CAS Cycling: t2c=min) } Ica | — |] 88 | — | 70 | —]| 55 | 1 
Stand by Current (RAS = Vin, Dout = High Impedance) | Teco | — | 45] —] 45 [ — | 4.5 | 
Refresh Current (RAS only Refresh, trc=min) | Ico | — | 62 | — | 53 | —]| 42 | 
Standby Current (RAS= Vi, Dout Enable) | Iecs | — | 10 [| — | 10 {[ — | 10 | 
| — | 88 | 


Refresh Current(CAS before RAS Refresh, ?trc=min) | Ices | — | 69 | | — | 45 | m 

Input leakage (0< Vu<7V) —10 

Output leakage (0< Viai<7V) To | -10 | 10 | —10 | | 10 | 10 | 

Output levels High (Jo.u:=—5mA) Vou } 2.4 | Veo | 2.4 | Vv 
[oa | 0 | 


Output levels Low (I.u.=4.2mA) Vor | 0 | | oo | 0.4 | Vv 


Notes) 1. Icc depends on output loading condition when the device is selected Icc max, is specified at the output open condition. 
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MICAPACITANCE (Vec=5V+10%, Ta=25°C) 






Parameter 
Address, Data-In 
Clocks, Data-Out 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=Vim to disable Dout. 










Input Capacitance 






MELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 1% 1P 
HM50257/P-12 | HM50257/P-15 


— 200 


Gq 
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Parameter Symbol} nit } Notes 


Access Time from RAS | trac | — | 
Access Time from CAS 
Output Buffer Turn-off Delay torr 


iw) 
w 








iss) 
Cs 











on 





| 
slels 
= 
S 


Transition Time (Rise and Fall) tr 
Random Read or Write Cycle Time 

















t 
bez 
So 
= 1] ww 
bd | w 
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RAS Precharge Time 




























50 


ies 
RAS Pulse Width 120 | 10000 | 150 | 10000 | 200 | 10000 | 
RAS Pulse Width 60 | 10000 | 75 | 10000 
RAS to CAS Delay Time 25 60 25 75 30 100 ns 7 
RAS Hold Time — | 100 
ial 


—_ 
~_ 
on 


CAS Hold Time 

CAS to RAS Precharge Time 
Row Address Set-up Time 
Row Address Hold Time 
Column Address Set-up Time 
Column Address Hold Time 





























ent bp 
on iN] al 
uo Co})o|o!|o 








Read Command Set-up Time trcs 


Read Command Hold Time referenced to CAS | tee | 0 | —| 
Read Command Hold Time referenced to RAS | teen | 10 | —{ 10 | 10 
Refresh Period p tne | — | 4] — |] 4] — Jf 4] ms | 


(to be continued ) 
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Column Address Hold Time referenced to RAS 100 | | 
WE Command Set-up Time | ts | o | —| of —| 8 
Write Command Hold Time | twen | 40 | —| 45 | —| 
Write Command Hold Time referenced to RAS | twee | 100 | —| 120 | —| 
Write Command Pulse Width | twe | 40 | — | 45-| —| 55 | 
Write Command to RAS Lead Time | ten | 40 | —| 45 | —| 58 | 
Write Command to CAS Lead Time | te | 40 |] —| 45 | —] 55 | 
Data-in Set-up Time Rie ee a ee ee 9 
Data-in Hold Time | ton | 40 | =| 45 | [55 | 8,9 
Data-in Hold Time referenced to RAS | tovr | 100 | —| 120 | —| 155 | 
cee a a ee | 0 | 
e204 
| 10 | 





HM50257-12, HM50257-15, HM50257-20 
HMS0257P-12, HM50257P-15, HM50257P-20 


Parameter 


Read-Write Cycle Time 
CAS to WE Delay 
RAS to WE Delay 


Unit | Notes 


CAS Setup Time 
CAS Hold Time(CAS before RAS Refresh) | tener | | 150 | —| 
RAS Precharge to CAS Hold Time | o | —| 
Notes 
1. AC measurements assume f7 = Sns. 8 twos, tcwp and tryp are not restrictive operating 
2. Assumes that trcp < tRCp (max). If trcp is greater parameters, 
than the maximum recommended value shown in this They are included in the data sheet as electrical 
table, tr 4c exceeds the value shown. characteristics only; if twos 2twcs (min), the cycle 
3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will 
and 100pF. remain open circuit (high impedance) throughout the 
4. Assumes that trop 2 trop (max). entire cycle; if tcwp 2 tcwp (min) and trwp 2 
5. torr (max) defines the time at which the output trwp (min), the cycle is a read-write and the data 
achieves the open circuit condition and output voltage output will contain data read from the selected cell; if 
levels are not referred. neither of the above sets of conditions is: satisfied the 
6. Vyx (min) and V7; (max) are reference levels for condition of the data out (at access time) is indeter- 
measuring timing of input signals. Also, transition minate. ; 
times are measured between V7; and V7, 9. These parameters are referenced to CAS leading edge 
7. Operation with the tecp (max) limit insures that in early write cycles and to WE leading edge in delayed 
trac (max) can be met, trcp (max) is specified as a write or read-modify-write cycles. 
reference point only; if trop is greater than the 10. An initial pause of 100us is required after power-up 
specified trop (max) limit, access time is controlled then excute at least 8 initialization cycles. 
exclusively by tcc. 11. At least, 8 CAS before RAS refresh cycle are required 


TIMING WAVEFORMS 
@READ CYCLE 


tre 








before using internal refresh counter. 


tcrp. 


trcw 


_ 


RAS tras 
trcp trsu 
tesa 
CAS eS ICAS 
tase tran tasc om 
[=| Ld Yd Peo 
“TK XK 
le! x\ i\ 
trcs 
WRITE 


tRAc 


Dout 


210 


teac 
torr 


@ HITACHI 


HM50257-12, HM50257-15. HM50257-20 
HMS0257P-12, HM50257P-15, HM50257P-20 


@WRITE CYCLE 





{RAs. 


2) 
>| 
ie 


tRcp 


tRw 


tras 
Lise teoax 
tcwL 


Address \F YT | KX 
ae. i” x 
/* ae 
reer 
— tweou 
WRITE 


i 


QO 
> 
Wy 





- 








ea] bo 


Din wr K/ 
XK 


Hi Z 


Dout 


@READ MODIFY WRITE CYCLE 


trwe 


tRwe 


CAS 
tcwL 
taser tran tase ee 


A EXC 


ar. 


= ae ba 


teac 





tRAC 


Dout 
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eee ee act a + le 


HMS0257-12, HMS50257-15, HM50257-20—————__—__P[{_ 


HM50257P-12, HM50257P-15, HM50257P-20 
@RAS ONLY REFRESH CYCLE 


| 


re] 
>} 
“| 


tras 


trec 
tcrp 


io) 
>| 
a 


Address \ 7 x / 
a 


* REFRESH ADDRESS Ao~Azr( AXo~AX?) 


@HIDDEN REFRESH CYCLE 





cur 


Address 


WRITE 


torr. 


ey 


@CAS BEFORE RAS REFRESH CYCLE 


a Se 
f tcur 
CAS 
3 


Address 


Don't care ‘ ¢ 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-1 2, HM50257P-15, HM50257P-20 


@ COUNTER TEST 


pe] 
N 


(REFRESH) (READ/WRITE) 


CAS 


Address 


tCHR tcas 





MINIBBLE MODE CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+10%, Vss=0V) 







































































HM50257/P-12 HM50257/P-15 HM50257/P-20 y 
Parameter Symbol - - - Unit 
min max min max min max 
Nibble Mode Supply Current Iccs a 57 _ 48 _ 37 mA 
Nibble Mode Access Time ne 25 : 35 ns 
Nibble Mode RAS Cycle Time [anc | 0 | - | ao | - | so | - | 
Nibble Mode RAS Pulse Width tea - 30 | - | 460 | — ns 
Nibble Mode Cycle Time [we | = | - | o | - | w | - | = 
Nitble Mode CAS Precharge Time | twcr | 20 | - | a | - | 35 | — | mm 
Nibble Mode CAS Pulse Width | hea | 25 | - | 2 | -| 8 | - | 
Nibble Mode RAS Hold Time [sw | | - | # | - | | - [ms 
Nibble Mode CAS to WEDelay | ews | 90 | ~ | 2 | ~ | a | — | ms 
Nil Me Wie Comat wn ne [eve [a0 [= as [Yas 
Nibble Mode Write Command to RAS Lead Time WvRWL 45 - 35 | = | ns 
Nibble Mode Write Command Pulse Widt Awe 20 oa 25 = 35 a ns 
@NIBBLE MODE READ CYCLE 
tyre 
RAS wae tNRA 
CAS a 
ae 
taser tran 
Address \A RA K/ 
a eS ieee 
WRITE 
torr wie 
‘a Ee a Ee a 
@ HITACHI 
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HM50257-12, HM50257-15, HM50257-20 
HM50257P-12, HMS50257P-15, HMS0257P-20 


@NIBBLE MODE WRITE CYCLE 


tran 
taser 
Pe zas] 


acca cee (a ae nee 
4 D 
[XK A 7N 
| isce 
RK , N , 


RAS 


{NRSH: 


fo) 
op 
n 





ths 
tx 


" XM K XM KX XX xX 


Dout 
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HN61364P, HN6G1364FP 


8192-word x 8-bit Mask Programmable Read Only Memory HN61364P 


The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the CS, OEg ~ OE, inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 


a FEATURES (DP-28) 

-@ Fully Static Operation HN61364FP 

@ Automatic Power Down 

® Single +5V Power Supply 

@ Three-state Data Output for OR-ties 

@ Mask Programmable Chip Select and Output Enable 

© TTL Compatible 

@ Maximum Access Time; 250ns 

@ Low Power Standby and Low Power Operation; Standby 5uW (typ), 
Operation 50mW (typ) 


@ Pin Compatible with EPROM 





= PIN ARRANGEMENT 
® BLOCK DIAGRAM © HN61364P 


3-State 

i Output 

Address Buffe 3 
Decoder 





® ABSOLUTE MAXIMUM RATINGS 


a 
Supply Voltage* c -0.3 to +7.0 
input Vattge =03 t0 #70 
2c 
C 












ss 


[Storage Temperature | Tyg | -SStovi25__ | °C __| 
* with respect to Vg 


= RECOMMENDED DC OPERATING CONDITIONS 


| ittem | Symbot | min 
[Supply Voltages | Veo | 45 _| 
Input Voltage * ee 

| =20 


Operating Temperature 


* with respect to Vss 


Ty ias 





(Top View) 


@ HN61364FP 















(Top View) 
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HN61364P, HN61364FP 


@ ELECTRICAL CHARAGTERISTICS (Vcc = 5V+10%, Vos = OV, Tz = —20 to +75°C 

















[Input Higitevel Votage | ‘Vw [——SSSSSSSSC~dC 

a3} = [oa tv | 

cae aa 

Vou aa 
V; 


Input Leakage Current j n=0 to 5.5V 


— 
BS 





Active loc * 
Supply Current LActve | Fee ve 
Standby Isp Voc=5.5V, CS2V e¢—0.2V, CSS0.2V 


Input Capacitance i Vin=0V, fe1MHz, T,=25°C 
Output Capacitance alba = 


* Steady state current ** Voc =5V, Tq = 25°C 


° 
= 





= RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5V+10%, Vss=OV, Ta=—20 to +75°C, t-= ty=20ns) 


e AC TESTLOAD 





Test Point 





130pF 


a TIMING WAVEFORM 
e@ Read Cycle (1) 












Address Notes) 1. ¢,=!;=20ns 
2. Cx includes jig capacitance. 
3. All diodes are 1S2074@. 


NOTES: 

1. Device is continuously selected. 

. Address Vaild prior to or coincident 

with CS transition tow. 

OE RVy 

. Input pulse level: 0.8 to 2.4V 

. Input and output reference level: 
1.5V 


NS 


ak w 


@ Read Cycle (2) Notes 1,3 








Address 


tAA- 
tou be-!OH 
Dout 


@ Read Cycle (3) Notes 2, 3 
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HN61364HP—_Preliminary 


8192-word x 8-bit Mask Programmable Read Only Memory 


The HN61364HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because 
of static operation. 

The active level of the CS, OEg ~ OE, inputs and the memory con- 
tent are defined by the user. The Chip Select input deselects the 
output and puts the chip in a powerdown mode. 


FEATURES 
Fully Static Operation = PIN ARRANGEMENT 
Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 

TTL Compatible 

Maximum Access Time; 200ns | 

Low Power Standby and Low Power Operation; Standby 5uW 
(typ), Operation 50mW (typ) 

Pin Compatible with EPROM 





= BLOCK DIAGRAM 


3-State 

Output 
Address Buffe 3 
Decoder 





(Top View) 





* Active level defined by the user. 


NOTE: 

The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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HNG6G1365P 


8192-word x 8-bit Mask Programmable Read Only Memory 


The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de- 
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 


MFEATURES 


Fully Static Operation 

Automatic Power Down 

Single +5 Volt Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select 

TTL Compatible 

Maximum Access Time; 250ns 

Low Power Standby and Low Power Operation; Standby 5uW 
(typ.), Operation 50mW (typ.) 

Pin Compatible with EPROM 


MBLOCK DIAGRAM 


Memory 3-State 


Address Matrix Output 
Decoder (8192 x8) Buffers 


Vec=Pin 24 
Vss=Pin 12 





* Active level defined by the user. 


MABSOLUTE MAXIMUM RATINGS 


























Supply Voltage* 
Input Voltage* 


Operating Temperature 







Storage Temperature 
Storage Temperature (under bias) 


% with respect to Vss 


@ HITACHI 


MPIN ARRANGEMENT 





(Top View) 
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HN61365P 


MRECOMMENDED DC OPERATING CONDITIONS 


Item 


Supply Voltage * 
Input Voltage * 


Operating Temperature 


% With respect to Vss 


MELECTRICAL CHARACTERISTICS (Vcc=5V 410%, Vss=0V, Ta=—20 to +75°C 


Item Symbol_| _Test Conditions | min _| 
eee eat ee RED (er 7) 
ee ee ee 
Tou — 205A 

fee 


Input Voltage 


Vin 
Vin 
V Ton =—2054A 
Output Voltage a a a 
Vo. 
Input Leakage Current Tir N 


Tion 
Output Leakage Current 


Active Supply Current 


Icc* 
Stand by Supply Current Isp 
Input Capacitance C; 


* Steady state current ** Vec=5V, Te=25°C 
Mi RECOMMENDED AC OPERATING CHARACTERISTICS 





=a 
a 
oe 
eel 
a 
yumo~-.8V Sd 

[ee= Alar al hea, ay =T00% | —— [10 | 25 
CSB Vec—0.2V, CSH0.2V,Ve-ssv | — | 1 | 0 

: 5 


0 pF 
Ve-OV, f= 1MHe, To=25°C nl eae) 
Output Capacitance Con [vary foams, Tenaga pF 


ard 


@READ SEQUENCE (Vcc=5V+10%, Vss=0V, Ta=—20 to +75°C, t,=t;=20ns) 


item | Symbol | min | max 
Pte | ts 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 
Chip deselection to Output in High Z 
Output Hold from Address Change 


@READ CYCLE (1) 


Méress 


Address 


cs 


Vout 
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oe a Rae ee es 








Unit 


ee 


ns 
10 ns 


ns 


e AC TEST LOAD 


5.0V (Vcc) 
Rp=2.4k2 


Test Point 


130pF HkQ 


Notes) 1. ¢-—t;=20ns. 
2. Cz includes jig capacitance. 
3. All diodes are 1S2074@. 
Notes) 


1. Device is continuously selected 

2. Address Valid prior ta or coincident with CS 
transition low. 

3. Input pulse level : 0.8 to 2.4V 

4. Input and output timing reference level : 1.5V 


FHN61366P 


8192-word X 8-bit Mask Programmable Read Only Memory 


The HN61366P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the OE input and the memory content are defined 
by the user. 





vi 





MFEATURES 
® Fully Static Operation 


Singie +5V power supply 

Three-State Data Output for OR-Ties (DP-24) 

Mask Programmable Output Enable 

TTL Compatible MPIN ARRANGEMENT 


Maximum Access Time; 250ns 
Low Power Operation; 50mW (typ.) 
Pin Compatible with EPROM 


MBLOCK DIAGRAM 


Pe 


Memory 3-State 
Matrix Output 
(81928) Beffers 


SFerererer 
PRP PPS S 





(Top View) 


% Active level defined by the user. 


MABSOLUTE MAXIMUM RATINGS 


ian Tai 
Supply Voltage* V 
Input _Voltage* V 
Operating Temperature ‘C 
Storage Temperature c 
Storage Temperature (under bias) Cc 


% With respect to Vss 





MIRECOMMENDED DC OPERATING CONDITIONS 











Supply Voltage* 


Input Voltage* 





Operating Temprature 
% With respect to Vss 
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HN61366P 


MELECTRICAL CHARACTERISTICS (Vcc=5V110%, Vss=0V, Ta=—20 to +75°C) 


= [Symbol [Teet Gonditons [min [ tye [man _[ Uni 
eee Ee OE a 


Seu ve | Vou |Toum—205uA CT | OS | UK UY 

pueae ees [Vou [toum3.2mAi‘iEC | Ue hd le 

a OPS RS A PN GC a RR ET a 
LOL our=0. 

Operating Supply Current | Tect | Vec=SV,lorr=0mA, me=min | | 10 | 25 | mA 

Input Capacitance | | pF 


Vin= OV, f=1MHz, Ta=25°C 


ae 
Output Capacitance Cour fF — | — | 3 | pF 


* Steady state current +** Voc=5V, Tr=25'C 


MIRECOMMENDED AC OPERATING CONDITIONS 
@READ CYCLE (Vecc=5V+10%, Vss=0V, Ta=—20~+75°C, t.=t;=20ns) @ AC TEST LOAD 


5.0V( Vec) 
Read Cycle Time | tec | 250 | — | ns ieee sik 
Address Access Time tan | — | 20 | ns 
Output Enable to Output Valid re ee ns ok une 
Output Enable to Output in Low Z | touz | 10 | — | ns 
| 100 | " 
eee 


Output Disable to Output in High Z ns 


Output Hold from Address Change 


ns Notes) 1. t,=ty=20ns 
2. Cz includes jig capacitance. 
3. All diodes are 1$2074@. 


TIMING WAVEFORM 
@READ CYCLE (1) 


2 To KVTTZZ 


—orz 


-Yonz 
Dot OO (XO 
@READ CYCLE (2)X** ») 


Address 





Note) 1. OE=Vi. 


2. Imput pulse level : 0.8 to 2.4V 
3. Imput and output timing reference level : 1.5V 
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HN613128P, HN613128FP 


16384-word < 8-bit Mask Programmable Read Only Memory 


The HN613128P/FP is a mask-programmable, byte-organized HN613128P 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope- 
ration. The active level of the CS, OE), OE; input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 


@ FEATURES 
Fully Static Operation (DP-28) 


Automatic Power Down 

Single +5-Volt Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select, Output Enable 
TTL Compatible 

Maximum Access Time; 250ns 

Low Power Standby and Low Power Operation; 


Standby: 5uW (typ.) 
Operation: 50mW (typ.) PIN ARRANGEMENT 


@ Pin Compatible with EPROM @HN613128P 
MEBLOCK DIAGRAM 


HN613128FP 





Memory 3-State 
Matrix Output 
(16384 x8) Buffers 


QRRLSSSs 





% Active level defined by the user. 





MABSOLUTE MAXIMUM RATINGS 


—20 to +75 


(Top View) 
@HN613128FP 


















Supply Voltage* 








Input Voltage* 






Operating Temperature Range 


Storage Temperature Range 








Storage Temperature Range (under bias) 


* With respect toVss. 


Mi RECOMMENDED DC OPERATING CONDITIONS 











Supply Voltage * 


Input Voltage* 





Operating Temperature 


% With respect to Vss. 
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HN613128P, HN613128FP 


M ELECTRICAL CHARACTERISTICS (Vcc=5.0V+10%, Vss=0V, Ta= — 20 to +75°C ) 


Input High-level Voltage 
Input Low-level Voltage 


Output Low-level Voltage 
Input Leakage Current 


[Vin | 
Ei 
Output High-level Voltage | Vow | Fo 
[Vor | fou 
[Inv 
| Teon | 


Output High-level Leakage Current 


Output Capacitance 


Cot Vin =0V, f= 





w= —205 4A 


a=0 to 5.5V 
Ton Vou =2.4V, CS =0.8V, CS = 2.2V 
Output Low-level Leakage Current Vow =0.4V,CS =0. BY, CS = 2.2V 


Supply Current (Active /Standby) = 
Input Capacitance el Vin =OV, f=1.0MHz, Ta= 25°C 


=1.0MHz, Ta=25°C 





% Steady state current ee Vec=5V, Ta=25°C 


MI RECOMMENDED AC OPERATING CONDITIONS(READ SEQUENCE) 
(Vec=5.0V+10%, Vss=OV, Ta=—20 to +75°C, All timing with ¢,=t;=20ns) 


—_— 
HN613128P 
Symbol 


Item 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 
Output Enable to Output Valid 
Output Enable to Output in Low Z 
Chip deselection to Output in High Z 
Chip Disable to Output in High Z 
Output Hold from Address Change 


HTIMING WAVEFORM 
@READ CYCLE (1) 


Address 


@READ CYCLE(2) (Notes 1,3) 





Address 





tre 


tacs 


min 


250 





teiz 


torz 


tcnz 








ton 


iO 
“ 


10 
= 100 


— 
| i 


00 
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MICS2 Voc-02v.css02v|  — | 10/1 | 25/30 [mA ik 
eS ee 


er ee a z 
j-03| — | os] Vv 
en ee 
(eae ee ee 
ar Pe ee 
eS ee ae ae 
im 


| — [10 | HA 


pF 


a el) oo ok 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


AC TEST LOAD 


Test Point 





130pF Lika 


Notes) 1. ¢t,™t;=20ns. 


2. Cx includes jig capacitance. 
3. All diodes are 182074@. 


NOTES: 
1. 
2. 


Device is continuously selected. 
Address Valid prior to or coincident 
with CS transition low. 


3. OE=VIL. 
4. 
5. Input and output reference level: 


Input pulse level: 0.8 to 2.4V 


1.5V 


HN613128HP 


16384-word x 8-bit Mask Programmable Read Only Memory 


The HN613128HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera- 
tion. The active level of the CS, OE), OE, input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 


FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5-Volt Power Supply 

Three-State Data Output for OR-Ties 

Mask Programmable Chip Select, Output Enable 

TTL Compatible 

Maximum Access Time: 200ns 

Lower Standby and Low Power Operation; 
Standby: 5uW (typ.) 
Operation: 5OmW (typ.) 

@ Pin Compatible with EPROM 


MIBLOCK DIAGRAM 


Memory 3-State 


Matrix Output 
_ Address (16384 x8) Buffers 
Decode 


SSRLSseg 





* Active level defined by the user. 


NOTES: 

The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales Dept, 
regarding specifications. 
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HN613128HP 


(DP-28) 


MPIN ARRANGEMENT 





(Top View) 





Preliminary 
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HN61256P, HN61256FP 


32768 <8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 


The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active “High” or active “‘Low” or chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 


MFEATURES 


Mask-programmable selection of either 4-bit or 8-bit organization 
Three-state outputs, can be wire-ORed. 

One mask programmable chip select terminal facilitates memory 
expansion. 

A single 5V power supply (+10%) 

Low power consumption: Operation 7.5mW (typ.), 

Standby 5yW (typ.) 

TTL compatible 

Access time: 3.5ps (max) 


MBLOCK DIAGRAM ip Sees 


cs 

















CS Control : 
Memory Array 
X Decoder 
262144 bits i 


%1 Active level defined at mask level. 

%2 Mask programmable selection of either 4-bit or 
8-bit organization. 
In 4-bit organization, data outputs are Do to Ds. 
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HN61256P 


HN61256FP 


MPIN ARRANGEMENT 
@HN61256P 


(Top View) 
@HN61256FP 





(Top View) 





M@ ABSOLUTE MAXIMUM RATINGS 


Item 


Vec 
Vi 
Te 
Storage Temperature Range Tore 
Tue 


Supply Voltage* 
Input Voltage* 
Operating Temperature Range 


Bias Storage Temperature Range 
Note : * Referenced to Vss. 


MELECTRICAL CHARACTERISTICS 
(Vec=5V+10%, Vss=OV, Ta=0~+75°C) 


Item 


Symbol 
Input “High” Level Voltage Vin 
Input “Low” Level Voltage iL 
Output “High” Level Voltage 


Output “Low” Level Voltage 


Input Leakage Current 
Output “High” Level Leakage Current CE =~0.8V 


CE=2.4V 


Tion 


Output “Low” Level Leakage Current Trot 


Gin 
Cort 


Supply Current 


re 


Input Capacitance 
Output Capacitance 


% Steady state current ** Vec=5V, Ta=25°C 


MAC OPERATING CONDITION AND CHARACTERISTICS 


F 


[in _| 
P24 
ees 
[van=2av [= 

[van =0.4V [=| 

iaieeeeal 

oe 


ESE Veo 9-3V, 

= Vsst+0.2V Veo=5.5V 
ee=4.018, ha=omA, | "°O™ 9° 
GE =3.0us 


Vin =0V, f= 1MHz, Ta 25°C 


@READ SEQUENCE (Vec=5V+10%, Vss=O0V, Ta=0~+75°C, t-=t;=20ns) 


Item 
Read Cycle Time 
Address Access Time 
Chip Enable Access Time 
Data Hold Time from Address 
Address Set-up Time 
Address Hold Time 
Chip Enable ON Time 
Chip Enable OFF Time 










Address Kx xX 
cs SERKRRLRK 







tor 
teace j 
I taacc i I H 
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HN61256P, HN61256FP 


typ"? | max | Unit 
| = | Vee V 
| oo | o8 | OV 
ec Seine 
| = | oe | 
| = [| 25 [HA 
ee ee 
ee ee 
| ot 30 | HA 
[15 | 3.0 | ma 
Pp = | = fo 
eee ae Ee 
Unit 
Hs 
Bs 
Ks 
Hs 
Hs 
#s 
Hs 
Hs 
@ AC TEST LOAD 
5.0V( Vec) 
Re =2.4kQ 
Test point 
30pF 11kQ 
Notes : 1.¢,—t;=20ns, 
2.C. inchides jig capacitance. 
3.All diodes are 1S2074@. 
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HN613256P, HN613256FP 


32768-word x 8-bit Mask Programmable Read Oniy Memory 

The HN613256P/FP is a mask-programmable, byte-organized memo- HN613256P 
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks nor refreshing 
because of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. (DP-28) 


FEATURES HN613256FP 
Fully Static Operation 

Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 
TTL Compatible 

Maximum Access Time: 250ns 

Low Power Standby and Low Power Operation; = PIN ARRANGEMENT 
Standby 5uW (typ.), Operation 50mW (typ.) e HNG13256P 
@ Pin Compatible with EPROM 


= BLOCK DIAGRAM 




















Al DO 
A2 D1 
a3 Meme B3 
AS Matrix D 4 
A6 Address 5 
AT (32,768 x 8) D6 
AB Decoder D7 
AY 

A10 

All 

Al2 

Al13 





(Top View) 


* Active level can be defined by the customer. 


* Active level defined by the user. © HN613256FP 


® ABSOLUTE MAXIMUM RATINGS 













7) 







Supply Voltage* 
Input Voltage* 
Operating Temperature Range 
Storage Temperature Range 
Storage Temperature Range (Under Bias) 













*With respect to Vsg 
MB RECOMMENDED DC OPERATING CONDITIONS 


| Veo | 
aa 
| Vw 










Supply Voltage * 





‘(Top View) 


% Active level can be defined by the customer. 


Input Voltage * 





Operating Temperature 


% With respect to Vss. 
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HN613256P, HN613256FP 


m ELECTRICAL CHARACTERISTICS (Vcc = 5.0V#10%, Vss = OV, Ty = —20 ~ +75 °C) 


Item | Symbol |__——Test Condition | min |typ | max | Unit 
V 2.2 V, Vv 
Input Volt Ver fC 22 | = [Ve 
nput Vola a eos 
Output Voltage Zl eel Hie te 
[Vor [fou=3.2ma Cd TH OT OV 
input ange Caeat [Tin [ Vg 0-580 = [28 Tk 
I =a Vout = 2.4V f- | 10 | uA 
Gutpat Leakage Current cs=0.8v,cs=22v | Vour=24V | 
ee oe Vout= 04V P= [= [0 [ua 
Supply Current LActiwe [ Feo* [Veo = 5.5V, Tout = OmA, tro = min, duty = 100%. - | 10 | 30 | mA 
FStindby Tg | Voo= SV, 08 3 Veo - 02V, z0av | - 1] 30 | wa 
Input Capacitance Cin Vin = OV, f= 1 MHz, T, = 25°C fr — | — | 10 | pF 
Output Capacitance a : oe | — {- | 15 | pF 


* Steady state current 
** Voo=SV, Tg=25°C 
® RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 
(Vec=5V+10%, Vss=0V, Ta=—20~4+75°C, t-=ty=20ns) 


Item Unit 
Read Cycle Time ns 
Address Access Time taa ns 
Chip Select Access Time ns 
Chip Selection to Output in Low Z ns 
Output Enable to Output Valid tOE 


mJ 
a 


Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 


Chip Disable to Output in High Z | tonz | 


Output Hold from Address Change toH 


Bis 
Ala 


os N 
° =) 
NIV 
ol1o 
J 
a 


iad 
a 


® TIMING WAVEFORM 
@ READ CYCLE (1) 


@ AC TEST LOAD 


5.0V( Vee) 


=> Re=24kQ 


Test Point 





Notes : 1. ¢-=t; 20ns 
2. Ci includes jig capacitance 
3. All diodes are 1S2074@ 


NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coinci- 
dent with CS transition low. 

3. OE= Viz. 

4. Input pulse level: 0.8 to 2.4V 

5. Input and output reference level: 
1.5V 
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HN613256HP 


32768-word x 8-bit Mask Programmable Read Only Memory 


The HN613256HP is a mask-programmable, byte-organized memory 
designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks_nor refreshing be- 
cause of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 


FEATURES 

Fully Static Operation 

Automatic Power Down 

Single +5V Power Supply 

Three-state Data Output for OR-ties 

Mask Programmable Chip Select and Output Enable 
TTL Compatible 

Maximum Access Time: 200ns 

Low Power Standby and Low Power Operation; 
Standby 5yuW (typ.), Operation 50mW (typ.) 

@ Pin Compatible with EPROM 


= BLOCK DIAGRAM 


Memory 
Matrix 


Addres 
Decoder 32,768 x 8) 





* Active level defined by the user. 


® ABSOLUTE MAXIMUM RATINGS 














Symbei] Valve] 
[Veo | -03 10470 _ 
in 
| Topr_| 





Supply Voltage* 
Input Voltage* 
Operating Temperature Range 
Storage Temperature Range 
Storage Temperature Range (Under Bias) 





Toor 










*With respect to Vss 


Mi RECOMMENDED DC OPERATING CONDITIONS 










Supply Voltage * 






Input Voltage * 





Operating Temperature 


%* With respect to Vss. 
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® 


HITACHI 


Preliminary 


HN613256HP © 





= PIN ARRANGEMENT 





(Top View) 


%* Active level can be defined by the customer. 


Note) 

The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 


HNG2301P 


Preliminary 


131,072-word x 8-bit Mask Programmable Read Only Memory 


The HN62301P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera- 
tion. The Chip Enable and the memory content are defined by the 
user. The Chip Enable input deselects the output and puts the chip 
in a power-down mode. 


MFEATURES 


@ Static Operation 

Automatic Power Down 

Single +5-Volt Power Supply 

Three-State Data Output for OR-Ties 

TTL Compatible 

Maximum Access Time-350ns 

Lower Power Standby and Low Power Operation; 
Standby: 2mW (typ.), Operation: 75mW (typ.) 


MBLOCK DIAGRAM 


Memory Matrix 
{32,768 X 32) 





MABSOLUTE MAXIMUM RATINGS 
























Supply Voltage * 
Input Voltage* 
Operating Temperature Range 
Storage Temperature Range 





Bias Storage Temperature Range 
%* With respect to Vss 


Note) The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 


@ HITACHI 





(DP-28) 


MPIN ARRANGEMENT 





(Top View) 
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‘HN62301P 





Mi RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) 











Supply Voltage * 


Input Voltage* 


* with respect to Va 


MELECTRICAL CHARACTERISTICS (Vcc=5V110%, Vss=0V, Ta=0 to +70°C) 





Normal Operating Current fkoi=min, Vec=5.5V, hu=OmA, duty =100% | -— | 3 | 50 | mA 

Nibble Operating Current kkcoa=min, Vec=5.5V, bu=OmA, duty=100% fo — | 5 [ase] mA 

Output Leakage Current Ate fonaw | Pre} = 
LOL owt VU. 


* Steady state current *** Voc=5V, Ta=25°C 
** TBD 


HICAPACITANCE (Vcc=5V+410%, Ta=25°C, 1MHz Vin=0V) 


Input Capacitance (Ao~ Ais, CE) 


Output Capacitance (Do~D,) 





Normal Address Access Time 


Data Hold Time } tow | 
CE Access Time 


CE Enable Pulse Width tce 


CE Disable Pulse Width 1GE ) os | 


Unit 


ae ee 


ns 


ns 
ns 
ns 
ns 


CE operation 
Address Set up Time Ps ta at 


Data Hold Time from CE ** 150 ns 
Data Set Time from CE | ns 
Nibble operstion”** Nibble Address Access Time* beta | | 100 ns 
Nibble Cycle Time Re ee ns 


* Nibble Address Ao,A: +**TBD 
*** The specifications of this mode are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept, regarding specifications. 
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HN62301P 





@TIMMING CHART 
@NORMAL CYCLE (CE=Low) 


2RC% 


Address 


Dout Previous Data 





@CE CYCLE 
CE 
Address 
tace 
Dout 





@NIBBLE CYCLE” 


Dout Previous Data 





* Please contact your nearest Hitachi’s Sales Dept, regarding specifications. 


e AC TEST LOAD 


Test Point 


130pF 


Notes) 1. ¢,~t;=20ns 

2. Cz includes jig capacitance. 

3. All diodes are 182074@. 

4. Input pulse level : 0.8 to 2.4V 

5. Input and output timing reference level : 1.5V 
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HN62301 


e CE DUMMY CYCLE 


E dummy cycle is necessary when Vcc rise time is longer than 20 ms. 








(n20) 


Ai Start Address 







MMM 
WU, 












is 





Dout 


(Note) 1. There is no limitation for Veg rise time when at least one of 
addresses or CE signal is changed after power-up (Vcc > 4.5V). 
350ns is required for the access after the transition. 





Start Address 


Yb, 





(Note) 1. Transition of neither address nor CE is necessary for system 
initialization when Veo rise time is less than 20ms, because of 
Vcc—detective-circuit-operation. 
2ms is required for the access after power-up. 
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HN482732AG-20, 
HN482'732AG-25, 
HN482732AG-30 


4096-word < 8-bit U. V. Erasable and Programmable Read Only Memory 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 
The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 


M@ FEATURES 

@ Single Power Supply ...... +5V +5% 

@ Simple Programming...... Program Voltage: +21V D.C 
Program with one 50ms Pulse 

© Statieves ise essa No clocks Required 


@ Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

@ Access Time ............ HN482732AG-20 200ns (max) 
HN482732AG-25  250ns (max) 
HN482732AG-30 300ns (max) 

@ Absolute Max. Rating of Vpp Pin... 26.5V 

Low Stand-by Current ........... 35mA (max) 

@ Compatible with Inte! 2732A 





HM BLOCK DIAGRAM 


OE/Ver 0 





(Top View) 


Ao~ Ait 


32768 bit 
EPROM Matrix 





Mi MODE SELECTION 























CE Outputs 


(9~11, 13~17) 





Read 
Stand by 


Program 










V pp 


Vin 








Program Verify 
Program Inhibit 
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HN482732AG-20, HN482732AG- 25, HN482732AG-30 


ABSOLUTE MAXIMUM RATINGS 











Item Value Unit 

Operating Temperature Range Tops 0 to +70 ne; 

_Storage Temperature Range Ts, —65 to +125 c 
All Input and Output Voiltages* Vin, Vout —0.3 to +7 Vv 

Ver Voltage * —0.3 to 26.5 Vv 

Vcc Voltage * Vcc —0.3 to +7 Vv 


% with respect to GND 


W@ READ OPERATION 
@D.C. AND OPERATING CHARACTERISTICS (Ta=0 to 70°C, Vec=5V+5%, Vop= Vee +0.6V) 

































































Parameter Symbol a ee Unit 

Input Leakage Current | to | HA 

Output Leakage Current —————————— HA 

Vcc Current (Standby) CE=Vm, OF =Vin mA 

Vcc Current (Active) eereE te ff fe mA 

apie bow Wola i ee ee 

Input High Voltage Vv 

Output Low Voltage Tou==2.1mA | 0.45 | OV 
@ AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V45%, Vop= Veo £0.6V) 

HN482732AG -20 HN482732AG -25 HN482732AG -30 ’ 

Parameter Symbol : : Unit 

max min max mm max 

Address to Output Delay tacc 200 = 250 _ 300 ns 

CE to Output Delay tce 200 = 250 _ 300 ns 

OE to Output Delay tor 90 10 100 10 150 ns 

OE High to Output Float tor 80 0 90 0 | 130 ns 

Address to Output Hold tow = o | - | - ns 











@ SWITCHING CHARACTERISTICS 
Test Conditions 


Input Pulse Level:........0... 200005 0.8V to 2.2V 
Input Rise and Fall Times: ...............6. < 20ns 
Output Load: ............... 1 TTL Gate + 100PF 
Reference Level for Measuring Timing........... Inputs, 1V and 2V, Outputs; 0.8V and 2V 


Address 


Standby Mode 


Data Out 





@ CAPACITANCE (7a=25°C, f=1MHz) 


Parameter 












Test Conditions 








Vir=0V 
Vin=0V 
Var =0V 







Input Capacitance (Except OE/Vee) 
OE/Vep Input Capacitance 
Output Capacitance 





















@ HITACHI 237 
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HN482732AG-20, HN482732AG-25, HN482732AG-30 


@ PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vpp=21V+0.5V) 




















Parameter | Symbot_| Test Condition | min_| typ [max | Unit 
Input Leakage Current | ta [VeVi or Vw | = | Tt A 
Output Low Voltage During Verify | Vor |fuw2-ImA | | | TV 
Output High Voltage During Verify | Vow |Y~—400HA |e | | OU | 
Vcc Supply Current le | TC | = 80 ma 
Input_Low Level Vibe ho Oh | Ee SO 
Input High Level (All Inputs Except OF /Vep) Vin ee ee ee ee ee Vv 
Ver Supply Current | dee [CE=Vin, OF=Ver =| SO | hd] 0 om 
@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vrp=21V+0.5V) 
Parameter | Symbol | Test Conditions |_—min__ | typ | max | Unit 

Adiress Setup Time ae See Oe ee ee ee 
Data Setup Time a es ee ee ee 
Address Hold Time tan | o | — | — [ # 
OE Hold Time | toy Ee ee eee. 
Data Hold Time few foe [| -— | = | 4s 
Chip Enable to Output Float Delay* tor [J—————_}-4, =| = ns 
Data Valid from CE tov CE=Vin, OF =Viz HS 
CE Pulse Width During Programming pe] be ms 
OE Pulse Rise Time During Programming tprr } so | — | — | ns 
Ver Recovery Time tvr fo o2 f[ — | = | HS 
* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
@ SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level .............2200- 0.8V to 2.2V 

Input Rise and Fall Time ............-0028- S 20ns 

Reference Level for Measuring Timing: ............. Inputs 1V and 2V; Outputs 0.8V and 2V 


Program Program Verify 





Address 


Data 


@ ERASE 

Erasure of HN482732A is performed by exposure to 
ultraviolet light of 2537A and all the output data are 
changed to “1” after this erasure procedure. The 
minimum integrated dose (i.e. UV intensity x ex- 
posure time) for erasure is 15W-sec/em? 
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Supply Current I¢g (mA) 


HN482732AG- 20, HN482732AG- 25, HN482732AG-30 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 








are 
a ee el 


Supply Current I¢¢ (mA) 





Supply Voltage Voc (V) Ambient Temperature Tg (°C) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME vs. 
vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Address Access Time tacc (ns) 





Address Access Time t4cc (ns) 





Supply Voltage Voc (V) Ambient Temperature Tg (°C) 
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HN482764G6,HN482764G-2,” 
HN482764G-3 


8192-word x 8-bit UV Erasable and Programmable Read Only Memory 

The HN482764 is a 8192 word by 8 bit erasable and electrically 

programmable ROM. This device is packaged in a 28 pin dual-in-line H1N482764G, HN482764G-2 
package with transparent lid. The transparent lid on the package HN482764G-3 

allows the memory content to be erased with ultraviolet light. 





M@ FEATURES 

@ Single Power Supply ........-2 ee eee eee eens +5V + 5% 

@ Simple Programming .........- Program Voltage: +21V D.C. 
Program with one 50ms Pulse 

@ Statice. sho Se bee oe wine Se thee . . No Clocks Required 

@ Inputs and Outputs TTL Compatible During Both Read and Pro- 

gram Mode. 

@ Access Time .......-0e020e HN482764G-2 200ns max 
HN482764G 250ns max 
HN482764G-3 300ns max 

@ High Performance Programming Available @PIN ARRANGMENT 

@ Low Standby Current ........0- eee eee eee 35mA max. 

® Compatible with Intel 2764 

MBLOCK DIAGRAM ——— 





= 
a 
= 


Output 


| el 


c 
7 


Buffers 





= | 


Standby 
Program 
Program Werf 


x i don't care 


M ABSOLUTE MAXIMUM RATINGS 








65536 bit 





Memory Matrix 


(Top View) 


Outputs 
(11~13, 15~19) 

























Operating Temperature Range 
Storage Temperature Range 

All Input and Output Voltage* 
Vee Voltage 









%* i with respect to GND 
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HN482764G-2,HN482764G, HN482764G-3 


MREAD OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V+5%, Vep= Vect0.6V) 


Input Leakage Current Tus Vec=5.25V, Vin =5.25V | 10 | HA 
Output Leakage Current Veo 5.25V, Vow =5.25V /0.45V } 10 «| A 


NGSse ae 

leo Eee fe 
Ver Current pict [VermVertO6V Tis | ma 
ae Bi ee 
are ae ee 
fee ead 
lua el 
Fess 
eee 


Vec Current (Standby) Teer 
Vcc Current (Active) 


> 








Input Low Voltage Vit | 0.8 | Vv 
Input High Voltage Vin | 2.0 | V 
Output Low Voltage Top =2.1mA Pe | | 0.45 | Vv 
Output High Voltage Vow | Tow —400 HA | 2.4 | | - {| Vv 










Parameter 











Address to Output Delay 
CE to Output Delay 

OE to Output Delay 

OE High to Output Float 
Address to Output Hold 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

















@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Time: < 20ns 

Output Load: 1TTL Gate + 100pF 

Reference Level for Measuring Timing: Inputs; 1V and 2V 
Output; 0.8V and 2.0V 


Address 


Standby Mode Standby Mode 


Data Out 





@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


arnt [ten Goan «dm 
Pc [vieov 
a (oe aT ae 














Parameter 






Input Capacitance 





Output Capacitance 
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HN482764G-2, HN482764G, HN482764G-3 


@ PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V +5%, Vep=21V £0.5V) 


Input Leakage Current 


Output Low Voltage During Verify 
Output High Voltage During Verify 
Vcc Current (Active) es 
Input Low Level 


Input High Level Vec+1 


te 
ses 
ion eee 
a ee 
ai ae ett Te 
ean Ee ee 
ee 
ae 


Vep Supply Current 


@AC PROGRAMMING CHARACTERISTICS ( Ta=25C £5, Vec=5V+5%, Ver=21V +0.5V) 


Address Setup Time 

OE Setup Time 

Data Setup Time 

Address Hold Time 

Data Hold Time 

OE to Output Float Delay 

Vpp Setup Time 

PGM Pulse Width During Programming 
CE Setup Time tces 
Data Valid from OF 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


an 
o 


1 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 
Program Program 





Address 


Data 


Vep 


@ ERASE 

Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to "1" after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 15W + sec/cm? 
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Unit 
HA 


Unit 


Supply Current [cc (mA) 


Address Access Time t4CC (ns) 


iS 





SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


zi 
iz 
s 

38 


Supply Voltage Vcoc(V) 


ADDRESS ACCESS TIME VS. 


SUPPLY VOLTAGE 


Supply Voltage oo (V) 


@ HITACHI 





Supply Current ICC (mA) 


HN482764G-2, HN482764G, HN482764G-3 


SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 











ay Sel ease) alice 


Ambient Temperature Ta Cc C) 


20 






ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 


Address Access Time t4Cc (ns) 





Ambient Temperature Ta CC) 
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HN482764G-2, HN482764G, HN482764G-3 


MM HIGH PERFOMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 


SET PROG/VERIFY MODE 
‘ i : , Vep=21+0.5V Vec=6.0+0.25V 
This algorithm allows to obtain faster programming 


time without any voltage stress to the device nor 
deterioration in reliability of programmed data. coe 
Pp. 


NO << rogram tew=ims+5% 


Program topw=4n ms 


LAST 
Address? 
















| Address+1— Address] +1 Address 











$= 10,1115 







ES 


SET READ MODE 
Vec=5.040.25V Vep= Vec +0.6V 





READ 
All Address 





High Performance Programming Flowchart 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=6V+0.25V, Ver=21V40.5V) 































































































ge sl] . . 
Parameter Symbol Test Condition min t max Unit 
Address Setup Time 
OE Setup Time = “Ss 
Data Setup Time _ uS 
Ad Hold Ti = 
dress Ho ime us 
Data Hold Time = BS 
OE to Output Float Delay * 130 ns 
Ver Setup Time _ US 
Vcc Setup Time _ us 
PGM Pulse Width during Initial Program .05 ms 
PGM Pulse Width during Over Program** 63 ms 
CE Setup Time tces — us 
Data Valid from OF tor _ | = 150 | ns 
Notes ) * tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
% & tory is defined as mentioned in flort chart. 
@ SWITCHING CHARACTERISTICS 
Test Condition 
. Address 
Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns aid 
Reference Level for Measuring Timing: Input; 1V and 2V ie 
Output; 0.8V and 2V ne 
Vee i 
cE 
PGM 
OE 
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HN482764P-3 


8192-word x 8-bit One Time Electrically Programmable ROM 


The HN482764P-3 is a 8192 word by 8-bit one time electrically HN482764P-3 
programmable ROM. Initially, all bits of the HN482764P-3 are in 
the “1” state (Output High). Data is introduced by selectively pro- 
gramming ‘0’ into the desired bit locations. This device is packaged 
in a 28 pin, dual-in-line plastic package. Therefore, this device can 
not be re-written. 





@ FEATURES 
® Spring Power Supply......- +5V +5% 
@ Simple Programming. ... Program Voltage: +21V D.C. 
: Program with one 50ms Pulse (DP-28) 
@ Static ...... No Clocks Required 


® Inputs and Outputs TTL Compatible During Both Read and 


Program Mode MPIN ARRANGMENT 


@ Access Time .----+-+-> 300ns max. 
@ Low Standby Current........ 35mA max. 
® Compatible with Intel P2764 
Oo ~07 
@MBLOCK DIAGRAM | ae. 






v 
CG 
= 


Output 


el &l 


Buffers 





X {don’t care 


@ ABSOLUTE MAXIMUM RATINGS 


Item Value 
Operating Temperature Range 
Storage Temperature Range 
All Input and Output Voltage* ee eee 
Vp Voligs 


* with respect to GND 











65536 bit 


(Top View) 


Memory Matrix 


Outputs 
(11~13, 15~19) 
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HN482764P-3 


@ READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7g = 0 to +70°C, Vog = 5V + 5%, Vpp = Voc + 0.6V) 


Parameter Symbol 
Input Leakage Current 
Output Leakage Current Ito 
Vpp Current 


Veo Cunent (Sandby) | Toor | CE=Vin _———SS~iC 


Unit 
BAL 











Voc Current (Active) 
Input Low Voltage 











° 

a) 

S/S /3S/5 
<| <<) <) <<) 5/5 /5/> 


Input High Voltage Vectl 
Output Low Voltage | 0.45 | 
Output High Voltage | | 






Parameter 
Address to Output Delay 
CE to Output Delay 
OE to Output Delay 
OE High to Output Float* 
Address to Output Hold 
* tpp defines the time at which the output achives the open circuit condition and is not referenced to output voltage levels. 






















@ SWITCHING CHARACTERISTICS 
Test Condition ; 
Input Pulse Levies: 0.8V to 2.2V Reference Level for Measuring Timing: 
Input Rise and Fall Times: < 20ns. Inputs ;1V and 2V 
Output Load: 1TTL Gate + 100pF Outputs; 0.8V and 2V 


Address 


Standby Mode Standby Mode 


Data Out 





@ CAPACITANCE ( Ta= 25°C, f=1MHz) 


[smi [Few Goin «dam | 
RR A a OD 
RE en 











Parameter 






Input Capacitance 





Output Capacitance 
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HN482764P-3 
MH PROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=5V +5%, Vep=21V £0.5V) 


Unit 
HA 


Parameter Symbol Test Condition min typ 


Pe Ea) a ie 
Output High Voltage During Verify Vou [Ton=—400HA | | 
le et 

Vin 

Vin 

Tpp 


_ 
Oo 


Input Leakage Current 


< 


Out put Low Voltage During Verify 


mA 


Vi =5. 
Vcc Current (Active) Iccz Po 

Input_Low Level ee eee | 
eee es 
CE-PCM =Vi. | | 


@AC PROGRAMMING CHARACTERISTICS (Ta=25C 5C, Vec=5V 5%, Vep=21V +0.5V) 


OE Setup Time toes 
t 
t 


< 


Veet] Vv 
mA 


Input High Level 


w 
o 


Vee Supply Current 


2 
2) 


t 


< 
mo] 


Unit 


Data Setup Time 

Address Hold Time 

Data Hold Time 

OE to Output Float Delay 

Vep Setup Time 

PGM Pulse Width During Programming 
CE Setup Time toes 
Data Valid from OE 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


1 


on 
oO 
s 
n 


DS 
DF 
tpw 
toe 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Time: <20 ns 

Reference Level for Measuring Timing: input; 1V and 2V 
Output; 0.8V and 2V 


Program Program 


















eee a eg ee | 
= 
: 7 Te = 
Vpp 
Vpp 
Vec 
CE 
PGM 
OE 
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HN482764P-3 


HIGH PERFOMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 





NO 


<> Program tew =1 ms +5 % 





START 


SET PROG./VERIFY MODE 
Ver =214£0.5V Veo =6.0+0.25V 


Address=0 


n=0 


















Program tomy =4n ms 


S$=10,11,-°15 






LAST 
Address ? 







YES 
SET READ MODE 
Veco =5.0£0.25V Vep= Veco t0.6V 








READ 
All Address 


NOGO 





High Performance Programming Flowchart 


@ AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=6V+0.25V, Vre=21V+0.5V) 


Parameter 

Address Setup Time 

OE Setup Time 

Data Setup Time 
_Address Hold Time 

‘Data Hold Time 

OE to Output Float Delay* 

Vee Setup Time 

Vcc Setup Time aati 
PGM Pulse Width during Initial Program 
PGM Pulse Width during Over Program ** 
CE Setup Time i 
Data Valid from OF 


Notes) 





% 4 tury is defined as mentioned in flort chart. 


@ SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 

Input Rise and Fall Time: 

Reference Level for Measuring Timing: 


248 














Symbol Test Condition min typ = Unit 
tas 2 —_ BS 
Ra ee Pe ing ee ee 
a es, oe ee ee 
tan 0 = i e HS 
tox | 2 _ = “Ss 
tor 0 ue 130 ns 
tvps 2 = _ HS 
ives Cee ae Bae a ee ae aap 1s 
t pw 0.95 1.0 | 1.05 ms 
topw ee 3.8 = ra 63 ms 
tces 2 = i =< HS 


0.8V to 2.2V 
< 20 ns Data 
Input; 1V and 2V vp VP 
Output; 0.8V and 2V Bi 
Vee ie 
cE 
PON 
OE 
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%* tpr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


Address 











Address + 1— Address 











HN27C64G-15, HN27C64G-20, 
HN27C64G-25, HN27C64G-30 


8192-word x 8-bit U.V. Erasable and Programmable CMOS ROM 


The CMOS EPROM HN27C64 is a 8192-word by 8-bit erasable and 
electrically programmable ROM. This device is packaged in a 28-pin, 
dual-in-line package with transparent lid. 

The transparent lid allows the memory content to be erased with 
ultraviolet light, where by a new pattern can then be written into the 
device. 





= FEATURES 
@ Low Power Dissipation ..... 40mW/MHz max. (Active Mode) 
550uW max. (Stand by Mode) 

@ Access Time ..........2e00- 150ns max. (HN27C64G-15) 

200ns max. (HN27C64G-20) 

250ns max. (HN27C64G-25) oe 

300ns max. (HN27C64G-30) 
@ Single Power Supply .......... 200 eee reese +5V+10% 
@ Simple Programming .......... Program Voltage; +21V D.C. = PIN ARRANGEMENT 


Program with One 50ms Pulse 
@ Support High Performance Programming 


© Statics eich is Rh on Boeciehecte Weve Shay ele No Clocks Required 
@ Inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Modes 


@ Fully Decoded On-chip Address Decode 
@ Compatible with Intel 2764 


= BLOCK DIAGRAM 


Memory Matrix 


65536 bit 





(Top View) 
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HN27C64G-15, HN27C64G-20 
HC27C64G-25, HN27C64G-30 


MIMODE SELECTION 





















Outputs 
(11~13, 15~19) 











Stand-by 
Program 
Program Verify 
Program Inhibit 





x I don't care 


# ABSOLUTE MAXIMUM RATINGS 


item Uni 
Ail Input and Output Voltage Vv 
Voc Volage® oo v 
Vp Voltage’ Vep v 
Operating Temperature Range tc 
Storage Temperature Range °C 


* With respect to GND 
**Pulse Width: 50ns, DC: —0.5V 


= READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (7e=0~ + 70°C, Voc =5V + 10%, Vpp= Voc t0.6V) 


Parameter [Symbol [Test Conditions [min [typ [max [Unit 

Input Leakage Current [ter | Voo=55V,Vin=GNDtoVeo [| - | - | 2 | uA 
Output Leakage Cunent | Ino | Voo=55V,Vous=GNDtoVoo | - | - | 2 | HA 
Vp Current [tees | Vep=Vec*0sv | = | 1 | 100 | uA 
ee ae CE=V in p= f= ft ma 
= [Ispe | CE=Veoe03V | | tC (100 [HA 
Voc Current (Active) CE=Vyz, Tout=9 mA | - | - | 30 | ma 
Fe SMHz,Toyt=0 mA [=| = 30 ma 

eee 7 OR 
dees Vin | | | = [Peo #10] V 
pier [Vor | Tor=tima = as 
Vou | lon=—40uk S| A | [| CV 


*Pulse Width: 50ns, DC: Vy, min = —0.3V 
@ AC CHARACTERISTICS (7a =0~ + 70°C, Voc =5V+t 10%, Vpp=Voct0.6V) 


Br | Tat Contion _[ERHOAGLS NT CAG RYBICTCHNG 2] NDTOHAE SD 

aes | min | max | min | max | min | max | min | 

tacc|CE=OE=V11,PGM=Vix | - | 1so | - | 200 | - | 250 | - | 300 | 
= faso [J 













Parameter 






Address to Output Delay 









BE to Guapur Deay oe (OE=Vin, FOWSP 200 [= [380 | [300 
OE to Output Delay ton [CE=V oz, FOM= Vo | 10 | 60 [10 | 70] 10 | 100 | 10 | 150-1 
OE High to Output Foatlipy [CE=Vin, FMV | 0 | 30 | 0 | 0 | 0 | 90 | 0 | 130] 
Address to Output Hold [tos {CE=OE=Vz,,PGM=Vjpz, | 0 | - | 0 | - | Of - | of - | 





@ CAPACITANCE (7a =25°C, f=1MHz) 


| Smut | Tent Comitton me | | me 
Gs See ea 
Pw venoy = 







Parameter 










Input Capacitance 





Output Capacitance 
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HN27C64G-15, HN27C64G-20 
HN27C64G-25, HN27C64G-30 


@® SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: S20ns 

Output Load: TTL + 100pF 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Address 


Data Out 





# PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS (7a=25°C+5°C, Vog=5Vt5%, Vpp=21V+0.5V) 


Parameter Symbol_| Test Condition [min [typ | max | Uni 
input Leakage Curent ter Vine s.25vioasv_|_- | - | 2 | aA 
Output Low Voltage During Very | Vor |[Jou=21mA | — | - | 048 |v 
Output High Voltage During Verity | Vow |Yon=4000A | 24 | ~ | - | V 
Voc Curent (Active) a A 
Input Low Level 7 OS OO 
input High Level 77 a 2 OE Ze 
Yep Supply Carrent [top | CEFGHY =| - | - (| 30 | mA 


Notes) 1. Vcc must be applied before Vpp and removed after Vpp. 
2. Vpp must not exceed 25V including overshoot. 
3. An influence may be had upon device reliability if the device is installed or removed while Vpp= 21V. 
4. Do not alter Vpp either Vzz, to 21V or 21V to Vzz when CE=PGM=Low. 


© AC PROGRAMMING CHARACTERISTICS (72=25°C45°C, Vog=5V+5%, Vpp=21V+0.5V) 


Parameter | Symbol | TestCondition | _min | typ | max | Unit 

Address Setup Time eae ane ee ee 
OE Setup Time toss | S|? | - | 
Date Seruy Tinie ae es ee ee es ee 
Address Hold Time fA le ty cl Oe 
Data Hold Time Pipe he ee ee eS 
OE to Output Float Delay [tir | | | C30 | os 
Vpp Setup Time pve ee ee 
PGM Pulse Width During Programming [| tpw | | 25 | SOS | oms 
CE Setup Time [tees | | | | ds 
Data Valid from OF ea areas (es es 
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HN27C64G-15, HN27C64G-20 
HN27C64G-25, HN27C64G-30 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: <20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 





= ERASE 


Erasure of HN27C64 is performed by exposure to ultraviolet 
light of 2537A and all the output data are changed to ‘1’ 
after this erasure procedure. The minimum integrated dose 
(i.e. UV intensity x exposure time) for erasure is 15W- 
sec/cm? , 


= HIGH PERFOMANCE PROGRAMMING 
This device can be applied the High Performance Program- 
ming algorithm shown in following flowchart. This algorithm 
allows to obtain faster programming time without any 
voltage stress to the device nor deterioration in reliability of 
programmed data. 


NO 
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S$=10,11,-°15 









SET PROG/VERIFY MODE 
Vep=2140.5V Vec=6.0+0.25V 


Address + 1— Address 






SET READ MODE 
Vec=5.040.25V Vep= Vec + 0.6V 


High Performance Programming Flowchart 


HN27C64G-15, HN27C64G-20 
HN27C64G-25, HN27C64G- 30 


@ AC PROGRAMMING CHARACTERISTICS (Te=25°C+45°C, Voc =6V+0.25V, Vpp=21V+0.5V) 








Parameter [ Symbol | Test Condition | min | typ | max | Unit 
OE Setup Tine es Gee Sees ee 
Address Hold Tine pie et ee ee 
Data Hold Tine ar i ee ery SE eel 
OE to Output Font Delay* oN es wee 
Vee Setup Tine a RN NT Se 
PGM Pulse Width during Initial Program | ww | ———~—SY 9 | to | tos | ms 
PGM Pulse Width during Over Program** | tow =| ™”™”~—<‘idSiBT C8 ms 
CE Setup Tine Sa a SSE J =e 
Data Valid from OE fie Je ee 


Notes) % tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
% * tury is defined as mentioned in flort chart. 


@ SWITCHING CHARACTERISTICS 
Test Condition 


Input Pulse Level: 0.8V to 2.2V 
input Rise and Fall Time: S20ns 
Reference Level for Measuring Timing: Input; 1V and 2V 


Output; 0.8V and 2V 


Program Program Verify 


Address 
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HN482'7128G-25, 
HN482°7128G-30, 
HN482'7128G-45 


16384-Word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 





@ FEATURES 

@ Single Power Supply ............0. 0c ee ee eee +5V + 5% 

@ Simple Programming ........... Program Voltage: +21V DC 
Program with One 50ms Pulse 

O° Static. wince eae EEN See No Clocks Required 


Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 





Access Time ........ cc ccc ae eee ees 250ns/300ns/450ns 
Absolute Max. Rating of Vpp Pin .............208. 26.5V PIN ARRANGEMENT 
Low Stand-by Current... ... 0... 0. cee ee ee eens 35mA 


High Performance Programming Available 
Compatible with INTEL 27128 


WBLOCK DIAGRAM 


POWERDOWN & 
PROGRAM LOGIC 
Y DECODER Se 


= 
i: 


MIMODE SELECTION 






OUTPUT 
BUFFERS 




















(Top View) 


131072 bit 
MEMORY MATRIX 














CE OE PGM Vep Vec Outputs 
MODE (20) (22) (27) (1) (28) (11~13, 15~19) 






Read 
Stand by 

















Program Verify 
Program Inhibit 
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HN4827128G-25, HN4827128G-30, HN4827128G-45 


M ABSOLUTE MAXIMUM RATINGS 


All Input and Output Voltages* Vv 
Vec Voltage* V 


* with respect to GND 


MBREAD OPERATION 
@DC AND OPERATING CHARACTERISTICS (Ta=0 to +70°C, Vec=5V15%, Vep= Vect0.6V) 


Input Leakage Current Vec=5.25V, Vin=5.25V | —| — {| 10] BA 
Output Leakage Current Vecm5.25V, Veu=5.25V/0.45V r —| — | 10] 4A 
Vec Current (Standby) a 
Vec Current (Active) | tcce =[CE“OE=M. CT | | 100] 


@AC CHARACTERISTICS (Ta=0 to 70°C, Vec=5V15%, Vep=Vect0.6V) 


| |_min | max | min | max | min | max _| 
| tucc  [CE=OE=v. | — | 250 | — | 300 | — | 450 | 






Parameter 
















Address to Output Delay 









OE to Output Delay a Co 





OE High to Output Float | tor? [Ce-v | | || 05 | 
Address to Output Hold [tw [cewormv | oo | | oe | = | oT 


* {pr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 





Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Output Load: _ 1 TTL Gate + 100 pF 


Reference Level for Measuring Timing: Itnputs; 1V and 2V 
Outputs; 0.8V and 2.0V 


Address 


Data Out 


MU, Data Out Vatid ps 
ANN LLY 





@ CAPACITANCE (Ta=25°C, f= 1 MHz) 


[Symbot_[ Test Condition | min [wp [man | Uni 


Input Capacitance pF 


Output Capacitance a 
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Parameter 









HN4827128G-25, HN4827128G-30, HN4827128G-45 


MPROGRAMMING OPERATION 
@DC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V15%, Vep=21V+0.5V) 


Parameter Syabol_[ Test Condition | ain [tp | 

Input Leakage Current Tht [Vw=5.25V00¢=—CO 
Output Low Voltage During Verify Vor fo—2.mA 
Output High Voltage During Verify Vou |To—=—40pA i ststi‘w;*étdC 
Pea 

| =0.1 | 

| 2.0 | 

Le 


Voc Current (Active) el eae es, 


Input Low Level 


a 
[=] 
Oo 


ae 
Input High Level a ire pe 
Vpp Supply Current I pp CE=PGM= Vi. 


@AC PROGRAMMING CHARACTERISTICS (Ta=25°C+5°C, Vec=5V+5%, Vep=21V+0.5V) 


Address Setup Time 
OE Setup Time 
Data Setup Time 
Address Hold Time 
Data Hold Time 


typ 


OE to Output Float Delay DF 
Vpp Setup Time tys 
PGM Pulse Width During Programming 


CE Setup Time tces 
Data Valid from OE 


Note : tor defines the time at which the output achieves the open circuit condition and is, not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 
Test Condition 






Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 
Program Program 
ae Ee ae 





Address 


ae RS 


y 









Data 


Vep 
Vpp 
Vec 


@ ERASE 


Erasure of HN4827128 is performed by exposure 
to ultraviolet light of 2537A and all the output data 
are changed to “1” after this erasure procedure. 
The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15 W-sec/cm?. 
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MBHIGH PERFORMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 





@AC PROGRAMMING CHARACTERISTICS (Ta=25°C £5 


HN4827128G-25, HN4827128G-30, HN4827128G-45 







SET PROG./VERIFY MODE 
Vep=21+0.5V Vec=6.0+0.25V 


<> Program tpw=lmst+5% 


Program topw =4n ms 


LAST 
Address? 
YES 
SET READ MODE 
Vec=5.0£0.25V Vpp= Vec +0.6V 
READ 
All Address 
GO 
High Performance Programming Flowchart 


°C, Vec=6V40.25V, Vep=21V+0.5V) 


NO 


Address + 1— Address 







S$=10,11,7°15 












Parameter | Symbol | ___Test Condition |_ min | typ | max | Unit 
Address Setup Time a eres ie 2 (es 
OE Setup Time sc Oia Sg ee 
Data Setup Time ie ae ee eee 
Address Hold Time a eee eee ee 
Data Hold Time RE OO 
OE to Output Float Delay* tr [= 180 | ts 
Ver Setup Time a 
Vec Setup Time Pots [t= = | 
PGM Pulse Width during Initia] Program } tw ff 9 ft | 1.085 | ms 
PGM Pulse Width during Over Program | tow | | 8 | | 8 | 
CE Setup Time ea en (ee eed ee 
Data Valid from OE eae ee Med ee ee 


% tor defines the time at which the output achieves the open circuit conditions and is 
%*%* ltopwis defined as mentioned in flow chart. 


@ SWITCHING CHARACTERISTICS 
Test Condition 

{Input Pulse Level: 

Input Rise and Fall Time: 


0.8V to 2.2V 
< 20 ns 


Reference Level for Measuring Timing: Input; 1V and 2V 
Output; 0.8V and 2V 


@ HITACHI 


not referenced to output voltage levels. 


Address 


Data | 
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wm ee we Oe Oe 


HN4827128P-30-——___Freliminary 


16384-word x 8-bit One Time Electrically Programmable ROM 


The HN4827128P-30 is a 16384-word by 8-bit one time electrically 
programmable ROM. Initially, all bits of the HN4827128P-30 are in 
the "1" state (Output High). 

Data is introduced by selectively programing “0” into the desired 
bit locations. This device is packaged in a 28 pin, dual-in-line plastic 
package. Therefore, this device can not be re-written. 


@ FEATURES 

@ Single Power Supply. ..... +5V 45% 

@ Simple Programming ..... Program Voltage: +21V DC 
Program with One 50ms Pulse 

@ Static ........ No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 

Program Mode. 

Access Time ........ 300ns 

Absolute Max. Rating of Vpp Pin ...... 26.5V 

Low Stand-by Current ...... 35mA 

High Performance Programming Available 

Compatible with Intel 27128 





(DP-28) 


MIPIN ARRANGEMENT 


@ BLOCK DIAGRAM 
POWERDOWN & 
PROGRAM LOGIC 

pron TE 


X DECODER a 


| 


"0 
iz) 
= 






ls 


OUTPUT 
BUFFERS 











QI 
Gh 










(Top View) 






131072 bit 
MEMORY MATRIX 





Outputs 
(11~13, 15~19) 





X : Don’t care 


Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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HN4827128P-30 


HABSOLUTE MAXIMUM RATINGS 


tem Syail Tai 
Operating Temperature Range Tope °C 

Storage Temperature Range Tate 
All Input and Output Voltages* Vin, Vout 


%* with respect to GND 


<j<l<{a 


MIREAD OPERATION 
@ DC AND OPERATING CHARACTERISTICS (Tq = 0 to +70°C, Vog = 5V * 5%, Vpp = Voc + 0.6V) 


typ 


Input Low Voltage ee eee eee ee 
Input High Voltage i ee Wet 
Output Low Voltage Vou Tor=2.1mA 


c 
<l<j</</EIE/E/S 15 /z 


Output High Voltage Vou Tou= ~— 400A 








Parameter 
Address to Output Delay 
CE to Output Delay 
OE to Output Delay 
OE High to Output Float* 
Address to Output Hold 
* tpp defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@SWITCHING CHARACTERISTICS 
Test Condition 























Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Time: < 20 ns 
Output Load: 1 TTL Gate + 100 pF 


Reference Level for Measuring Timing: Inputs; 1V and 2V 
Outputs; 0.8V and 2.0V 


Address 






Standby Mode 














N 
Y 


Data Out 


LLLLF Dota Out Valid 
A el 


@ CAPACITANCE (Ta=25°C, f= 1 MHz) 


Parameter 


Input Capacitance 


Output Capacitance 
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HN4827128P-30 


MPROGRAMMING OPERATION 


@DC PROGRAMMING CHARACTERISTICS (Te=25°C+5°C, Vec=5V+5%, Vep=21V+0.5V) 


Parameter 
Input Leakage Current 
Output Low Voltage During Verify 
Output High Voltage During Verify 
Vcc Current (Active) 
Input Low Level 
Input High Level 
Vep Supply Current 


Parameter 
Address Setup Time 
OE Setup Time 
Data Setup Time 
Address Hold Time 
Data Hold Time 
OE to Output Float Delay 
Vpp Setup Time 
PGM Pulse Width During Programming 
CE Setup Time 
Data Valid from OE 


—_ max 


ls 


~ 
w 
2) 
t 
Ss 
e 


Symbol 


aetna 
fee 
aan eer AP 
ae ee 
as 
pe 


DF 


tces 


Note : tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


@ SWITCHING CHARACTERISTICS 


Test Condition 
Input Pulse Level: 
{nput Rise and Fall Time: 


Reference Level for Measuring Timing: 





Address 


Vpp 


OE 
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0.8V to 2.2V 

< 20 ns 

Input; 1V and 2V 
Output; 0.8V and 2V 


Program Program 
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com) 
o: 


Bal a|bl ala/5 


MIHIGH PERFORMANCE PROGRAMMING 


This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


HN4827128P-30 






( START ) 





SET PROG/VERIFY MODE 
Vep=2140.5V Vec=6.0+0,25V 







| Address=0 | | Address=0 | 





Address + 1— Address 







Program topw=4n ms 


LAST 
Address? 
YES 


SET READ MODE 
Vec=5.0£0.25V Vpp= Vec +0.6V 


READ 
All Address 
GO 


High Performance Programming Flowchart 


S=10,11,-°15 






@AC PROGRAMMING CHARACTERISTICS (Ta=25C+5°C, Vec=6V+0.25V, Vep=21V+0.5V) 


Parameter Symbol 
Address Setup Time 

OE Setup Time 

Data Setup Time 

Address Hold Time 

Data Hold Time 

OE to Output Float Delay* 

Vee Setup Time 

Vcc Setup Time 

PGM Pulse Width during Initial Program 
PGM Pulse Width during Over Program** 
CE Setup Time 

Data Valid from OE 





tyes 


tces 


i= 
S: 


%* tor defines the time at which the output achieves the open circuit conditions and is not referenced to output voltage levels. 


%%* fopwis defined as mentioned in flow chart. 


@ SWITCHING CHARACTERISTICS 
Test Condition 
Input Pulse Level: 
Input Rise and Fall Time: 
Reference Level for Measuring Timing: 


< 20 ns 


@ HITACHI 


0.8V to 2.2V 


Input; 1V and 2V 
Output; 0.8V and 2V 


Address 
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= ~~ eee ~ ede diag Set eS, 


HN27256G- 25, HN27256G-30— 


32768-word x 8-bit UV Erasable and Programmable ROM 


= FEATURES 

@ Single Power Supply .......... +5V +5% 

@ High Performance Programming .. Program Voltage: +12.5V 
D.C. 
Automated Programming 
Operations 

O SliGnewce ee boo spew Cee No Clocks Required 


@ inputs and Outputs TTL Compatible During Both Read and 
Program Modes 
@ Access Time ............05. HN27256G-25: 250ns(max.) 
HN27256G-30: 300ns(max.) 
@ Absolute Max. Rating of Vpp pin. . 13.0V 
Low Stand-by Current ......... 40mA (stand-by) 
@ Compatible with INTEL 27256 


= BLOCK DIAGRAM 





appREss © 








512 R512 
MEMORY MATRIY 


M-OECODER 


/0 © Sea Y-GATIMC 


Y- OECODEZ 





Preliminary 


(DG-28) 
= PIN ARRANGEMENT 





(Top View) 

ce O-D 

dE O-> 

Veco O-— 

Ver © : HIGH TERESHOLD 

Vss O-— INVERTER 
™ MODE SELECTION 
Mode (20) (22) (24) ay (28) (11 ~ 13,15 ~ 19) 
Read a Doat 
Stand by Vin Vee ved High Z 
High Performance Program Vin x | Veo | Din 
Program Verify Ving Vin x Time Dout 
Program Inhibit Viz Vin V pp Voc High Z 


Note) xX: Don’t care. 


Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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| 


HN27256G-25, HN27256G-30 
® ABSOLUTE MAXIMUM RATING 


Item Symbol Value Unit 
Operating Temperature Range 0 to +70 °C 
Storage Temperature Range to +125 x 


| | 
m1 ON 
o}]n 
3° 
o 


Storage Temperature Range Under Bias T dias t +8 2 
All Input and Output Voltages* Vin; Vout -0.6 to +7 Vv 
Voltage on Pin 24 (A, )* Vin Vv 
VocVoltage* Voc ~0.6 to +7 Vv 


* with respect to GND. 


= READ OPERATION 
@ DC AND OPERATING CHARACTERISTICS (Ta=0~+70°C, Vec=5V+5%, Vpp=Vcc) 





© AC CHARACTERISTICS (Ta=0~70°C, Voc=5V45%, Vpp=Vcc) 


a HN27256G-25 HN27256G-30 ' 
Parameter Symbol Test Condition Unit 
Address to Output Delay tacc CE = OE = Vy, 
E AL _ 


CE to Output Delay 
OE to Output Delay 


OE High Output Float tor 
‘OH 


ns 


Ww 
oO 
ron) 


ns 


N 
an 
A 
w 
o 
oO 


ns 


ns 





Address to Output Hold ns 


— 
jo) 
Oo 





an 
oO 
f=) 
—_ | ee 
oO;1y 
wmlo 


Note: tpp defines the time at which the Output achieves the open circuit condition and Data is no longer driven. 


® SWITCHING CHARACTERISTICS 
@ TEST CONDITION 


@ Input pulse levels: 0.8V to 2.2V 

@ Input rise and fall time: <20ns 

® Output load: 1 TTL Gate +100pF 

® Reference level for measuring timing: Inputs ;1.0V and 2.0V 


Outputs ;0.8V and 2.0V 
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_HN27256G-25, HN27256G-30 


Addres 


CE 
- Stand—by Mode Stand—by Mode 


Active Mode 


tor tor 


tace tou 


1 a 
Data Out Valid 

Dat 

ee ELC 4 Pete Out Vad 





® CAPACITANCE (Ta=25°C, f=1MHz) 











Parameter Test Condition 


Vin =0V 





Input Capacitance 





Output Capacitance 


= HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Programming algorithm shown in following flowchart. This 


algorithm allows to obtain faster programming time without any voltage stress to the device nor deterioration in 
reliability of programmed data. 


SET PROG. /VERIFY MODE 
Vep=12.5+0.3V, Voc =6.0+40.25V 


Address =O 


NO ; 
Program tyw =lms+5% 
== a 
GO 


Program torw=3n ms 


LAST 
Address? 


YES 


‘SET READ MODE 
Veco=Vpe=5.0V £0.25V 


READ 
All Address 


GO 


High Performance Programming Flowchart 
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HN27256G-25, HN27256G-30 


«= HIGH PERFORMANCE PROGRAMMING OPERATION 
@ DC PROGRAMMING CHARACTERISTICS Soa ien Meg Nt 25V, Lass 5V+0.3V) 


Output Low Voltage During Verify oa To, =2.1mA f= | = | 04s | Vv 
Output High Voltage During Verify Bete p pe Vv 
Vee Current (Active) | tee? | | = mA 
Input Low Level a at 0.8 Vv 
Input High Level ae ae etl Vv 


@ AC PROGRAMMING CHARACTERISTICS (72=25°C+5°C, = 25V, Vpp=12.5V+0.3V) 


Parameter Symbol Test | Test Condition | n. | typ. | max. | Unit 
Address Setup Time Semel |_FesiConton 4s MS 
Data Setup Time Bs 


Address Hold Time a 
Data Hold Time US 
OE to Output Float Delay co ena ns 
PGM Pulse Width During Initial Programming ea oe ms 
CE Pulse Width During Overprogramming . ee ee ms 
CE Setup Time ier ee ae ee Ms 


Notes: topwy is defined as mentioned in flow i 

tp rp defines the time at which the output achieves the open circuit condition and data is no longer driven. 
= SWITCHING CHARACTERISTICS 
@ TEST CONDITION 


.~ 
nA 


@ Input pulse level: 0.8V to 2.2V 
@ Input rise and fall! time: <20ns 
@ Reference level for measuring timing: Input ;1.0V and 2.0V Output; 0.8V and 2.0V 


Address 





@ ERASE 

Erasure of HN27256G is performed by exposure to ultraviolet light of 2537A and al! the output data are 
changed to ‘'1” after this erasure procedure. The minimum integrated dose (i.e. UV intensity x exposure time) 
for erasure is 15W. sec/cm?. 
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HNS5S064P-25,HN58064P-30, 
HN5SO0O6G4P-45 Preliminary 


8192-word x 8-bit Electrically Erasable and Programmable ROM 


@ FEATURES 

@ Single 5V Supply 

@ Address, Data, CE, OE Lathes 

@ Byte Erase/Byte Write Time...... 10ms typ. 

@ Chip Erase Time.-...... 20ms typ. 

@ Fast Access Time ....-. 250/300/450ns max. 

@ Low Power Disispation....... 100mA (max) Active 
40mA (max) Standby 

@ Comforms to JEDEC Byte-Wide Standard 





Reliable N-channel MNOS Technology 


@ 10000 Erase/Write Cycles (DP-28) 


® BLOCK DIAGRAM 


Veo OO 
is High Voltage Generator 1/00 aad 1/07 
Yss O-—- 


@ PIN ARRANGEMENT 






1/0 Buffer 
and 
Input Latch 












Ar Memory Array 


(256 X 256) 


X Decoder L) 





(Top View) 
Ao 


Address Input 
1/0, ~1/O, Data in/Data out 
OE Output Enable 
Chip Enable 
Write Enable 
Power (+5V) 
Standby 





Byte Erase No Connect 
Byte Write 
Chip Erase 


Deselect 


Note: The specifications of this device are 
subject to change without notice. 

X: Viz or Virz Please contact your nearest Hitachi’s 

Sales Dept. regarding specifications. 
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@ ABSOLUTE MAXIMUM RATINGS 















Symbol Value 
Veco ~0.3 to +7.0 
“0.3 1047.0 


Tone 0 to +70 
Toe ~ 55 to +125 





Supply Voltage* 
Input Voltage* 
Operating Temperature Range 
Storage Temperature Range 
* With Respect to Vgg 












@ RECOMMENDED DC OPERATING CONDITIONS 














Supply Voltage 


Input Voltage 





Operating Temperature 


® DC AND OPERATING CHARACTERISTICS (7, = 0 to 70°C, Veg = 5V +10%) 


Parameter F-symbot_[ Test Condition [min [typ [max [umf 


Toa= 5. 5V 
ra feciiew | — | [to 


Output Leakage Current 


Vcc Current (Standby) | Icc1_| mA 
Input Low Voltage Oa | 0.1 | Vv 
input High Voltage Ca ee Os GSS 
Output Low Voiage ere es ee a 
Ouiput High Voiag Fiver ous faa os lav 


@ CAPACITANCE (7, = 25°C, f = 1MHz) 


Parameter Symbol [Test Condition [min [ wp 
Taput Capacitance a 7 
Ouiput Capacitance FC A 





@ AC TEST CONDITIONS 


Input Pulse Levels: 0.8V to 2.0V Input 

Rise and Fall Time: < 20ns 

Output Load: 1TTL Gate + 100pF 

Reference Level for Measuring Inputs; 1V and 2V 
Timing: Outputs; 0.8V and 2.0V 
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HN58064P-25, HN58064P-30, HNS58064P-45 


@ AC CHARACTERISTICS (7, = 0 to 70°C, Veg = SV + 10%) 
@ READ OPERATION 






Parameter 







Address to Output Delay 






CE to Output Delay 






OE to Output Delay 






Address to Output Hold 








OE High to Output Float 


@ WAVEFORM .-.-.-.-- READ CYCLE 


ADDRESS 


a 







> 


DATA 





@ BYTE ERASE AND BYTE WRITE OPERATION 























Parameter Symbol min typ | max | Unit 
Address Setup Time aa ee Oe eee ee 
Address Hold Time iat) LE ns 
CE Setup Time ‘CES Oe oe eee 
CE Hold Time | teen | | SO | = | Cts 
OE Setup Time [| forsr | CT tt | ~ | CK- Ots 
OE Hold Time [torn | | SO | = | 
WE High Time tWEH 500 + Be 
Data Setup Time ag ae a 10 seid 
Data Hold Time | tpn | On ea ef ais 
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@ WAVEFORM 


ADDRESS 











CE 
10ES1 tOEH 
OE 
tWwEH 
WE Pe ng | 
tps tbH 
aes 
a arr 
@ CHIP ERASE OPERATION 
Parameter Symbol Test Condition min typ Unit 
CE Setup Time tcrs 10 - ns 
CE Hold Time a 
OF Setup Time of - [3 [ms 
OE Hold Time (ee a 
WE Pulse Width tweps | —SS~d Ss | 20 | 80 |e 
WE High Time twee | | 30 '[ - | - | m 
Data Setup Time ns 
Data Hold Time toH 50 ie Scie eel ns 
WAVE FORM .-:----- CHIP ERASE 
cE \ G 
OE '\ fi 
|. _torse | toe | 
tweH 
tos tpu# 
aa Res 
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HN58064P-25, HNS8064P-30, HN58064P-45 


@ SEQUENCE OPERATION 


Parameter 











WE Setup Time 
WE to OE Time 
WE High Time 











@ WAVE FORM 


CHIP ERASE 


| BYTE ERASE/ WRITE 





' 
’ 
5 Cvauo =: | 
ADDRESS VALID Don’t Care x vaio Don’t Care VALID 
1 
Don’t Care Don’t Care 

i 
t 
' 
! 
1 
' 






t 


ADDRESS VALID VALID Do 
1 
' t 
i { 
fs Don't Care | Don’t Care : 
| 
{ 
| 
t 
' 
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BYTE ERASE/WRITE BYTE ERASE/ WRITE 
' 


i) 
t 
1 
' 
' 
t 
' 


Don’t Care 


n’t Care! VALIO Don’t Care y VALID 






Don’t Care 
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BIPOLAR RAM 
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HM10414,HM10414-1 


256-word X 1-bit Fully Decoded Random Access Memory 


The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 
The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 
The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild’s F 10414. 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 
@ Write pulse width: 6ns (min.) 
@ Three chip select pins 
@ Output obtainable by wired-OR (open emitter) 





MPIN ARRANGEMENT 


MTRUTH TABLE 


Not Selected 


Write “1” 





x Don't care 
% : Read out non-inverted 





M BLOCK DIAGRAM 


(Top View) 






16% 16 










Memory 
Celi 





Y Address 
Decoder 


Ae As Aw Ap 


M ABSOLUTE MAXIMUM RATINGS 


Supply Voltage +0.5 to —7.0 
Input Voltage +0.5 to Vee 


Output Current ee 
Storage Temperature —65 to +150 
Storage Temperature Tu(Bias) —55 to +125 


%* Under Bias 
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HM10414, HM10414-1 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vece= —5.2V, Ri =500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item Test Condition min ®B) Unit 


4% a eee 
Vou 


‘c | -960 |  - | —810 | 
Output Voltage Lc | —90 | = | = 720. | 






Vin= Vina or Viik 






ee ce 

psc [ies [| 1680 

[Free [18s [| 1625 
oC 


Vin= Vine or Vita mV 







Output Threshold Voltage 


Guaranteed Input Voltage 








uarantee npu oO age 
me Low for All Inputs TP Tf Y 


Input Current 


Supply Current 


c | -1830 | | 
es 
170 LA 
Vix= Vie 0 to +75°C 
oc es 
c | =180 | -140 | 


=) 


@AC CHARACTERISTICS 
(Vee= —5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


















HM 10414 


Symbol Test Condition min | typ | 
typ 


HM 10414-1 








: Chip Select Access Time 





Chip Select Recovery Time 


Address Access Time 





2. WRITE MODE 
Write Pulse Width | tw | twsa=2ns ns 








Data Setup Tine ra | a eee 
Address Setup Time | twsa | 


ena = 
Address Hold Time | twa | Lee ee 


ee ae 
Chip Select Setup Tine Cae 
Chip Select Hold Time 1 


ns 


0 

0 

0 

ae a 
Write Disable Time | tws = aa cee ns 


ie ee 


| Symbol Test | Test Condition =| 





3. RISE/FALL TIME 









Output Rise Time 
Output Fall Time 


4. CAPACITANCE 






Input Capacitance 2 
Output Capacitance 
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HM10414, HM10414-1 


MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITIONS 2. INPUT PULSE 
GND 


-0.9V 
80% 


20% 
-1.7V 


tp =ty;=2.0ns typ 





0.0luF —2.0V 


Be 


VEE 


3. READ MODE 


Ri =50Q 


Cr=30pF (includes jig and stray capacitance) 


Address x 50% 


e-——————as 


Dout 50% 





4, WRITE MODE 

















SUPPLY CURRENT SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 
200) 
180 
4 
‘a 160 ~ 
a 2 
Eo = 
é E 
i é 
4 120 2 
100 
80 
-20 5.72 —5.20 — 4.68 
Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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Address Access Time taa (ns) 


Chip Select Access Time tacs (nsi 


Write Pulse Width tw (ns) 





ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 











Ambient Temperature Ta (‘C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Te (‘C) 


WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 


Vez=—5.20V 


-20 0 20 40 60 80 100 


Ambient Temperature Ta (C) 


Address Access Time taa (ns) 





Chip Select Time tacs ins: 


Write Pulse Width tw (ns) 
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HM10414, HM10414-1 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 








Supply Voltage Ver (V) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 


6 

















- 5.72 - 5.20 ~ 4.08 


Supply Voltage Vee ‘V) 


WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 





Supply Voltage Ver (Vi 
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HM2110, HM2110-1 


1024-word x 1-bit Fully Decoded Random Access Memory 


The HM2110 Series item is an ECL compatible, 1024-word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 


speeds. 

@ {tis compatible with 10K ECL logic. 

@ Chip select access time ...........00+ 10ns (max.) 

@ Address access time ...........2008: HM2110: 35ns (max.) 
HM2110-1: 25ns (max.) 

@ Power consumption ,..............- 0.5mW/bit (typ) 


@ Output obtainable by Wired-OR (open emitter). 


'DG~ 16A) 





MTRUTH TABLE 


PIN ARRANGEMENT 











Mode 









Not Selected 





Write “0” 
“yy 





Write 


Xx > irretevant 
% . Read out noninverted 


MBLOCK DIAGRAM 








‘Top View: 


X Address 
Decoder 
Word Drivers 





As As Ar An As 


MABSOLUTE MAXMUM RATINGS 


a ew 
















Supply Voltage 









Input Voltage 







Output Current 





Storage Temperature 






Storage Temperature 





* Under Bias 
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HM2110, HM2110-1 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vec=—5.2V, Ri=50N to —2.0V, Ta=0 to +75 °C, air flow exceeding 2m/sec) 

















Item Symbol Test Condition | minB) | typ Unit 
es 
Output Voltage Vin= Vina or Vite — ea mV 
oc | -1020 | — | 
| ttc | -s20 | - | - | 
Output Threshold Voltage Vin=Vins or Vira roc fl OU | | 108s | mV 
| ttc | | | 1005 | 
uaranteed Input Voltage ; 
Mit Sec ior Ail lagi? be OO ee Sm 
ne A ee es 
v Guaranteed Input Voltage ae Se ee 
| +c | -1830 | — | —1450 | 
[te [Wants if we 
miele oe ae ee eee zi 


@AC CHARACTERISTICS 


(Vee=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 









Chip Select Access Time 





Chip Select Recovery Time 





Address Access Time 





2. WRITE MODE 


HM2110 HM2110-1 
Unit 


Item Symbol Test Condition 


Write Pulse Width 
Data Setup Time 


- 
<< 
Ss 

3 

& 

* 


ns 





ns 





Data Hold Time ns 





Address Setup Time 


min | 
| 25 | 
Lee 
Address Hold Time twa faire || 
| 5 | 
a 
fom 
ce 


ns 





ns 




















ele fey fi [iff 


Chip Select Setup Time twscs ns 
Chip Select Hold Time twucs ns 
Write Disable Time tws = 10 ns 
“Write Recovery Time : twr — {| 0 ns 
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HM2110, HM2110-1 


3. RISE/FALL TIME 












i 


4. CAPACITANCE 
Test Condition 






Output Rise Time 
Output Fall Time 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 


1, LOADING CONDITION 2. INPUT PULSE 
GND -0.9V 


~17V 





t, =t¢ =2.5ns typ 





HM2110 


O 
—2.0V 





Re =50Q 


Vee C.=30pF( includes probe and 
jig capacitance) 


Address 50% 


Vin 


Dout Vitw 





Address 


Din 





t ws, 2 WHCS 


Ving 


tws ? wR 
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Address Access Time ta (ns) 


Supply Current Ize (mA) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 
120 


40 


20 


— 20 0 20 40 60 80 


Ambient Temperature Ta (°C) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 


Ambient Temperature Ta (°C) 


100 





@ HITACHI 





Supply Current Jee (mA) 


HM2110, HM2110-1 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





-1 et 4 -3 -4 -$§ -6 


Supply Voltage Vee (V) 
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HM2112, HM2112-1 


1024-word x 1-bit Fully Decoded Random Access Memory 
The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 





MFEATURES 

@ Level) ct wen eater be oh eee eke 10k ECL Compatible 

@ Construction ........... 0.0... cece eee 1024-word by 1-bit 

@ Address Access Time ............0000- HM2112 10ns (max.) 
, HM2112-1 8ns (max.) 

@ Chip Select Access Time ............0cce eee uee 5ns (max.) 

@ Power Consumption .............20ce0eee 0.8mW/bit (typ) 

@ Output Obtainable by Wired-OR (open emitter) 

@ Fully Pin Compatible with F10415 


MTRUTH TABLE MPIN ARRANGEMENT 


Not Selected 





x ¢ Irrelevant 
% > Read out noniverted 


MBLOCK DIAGRAM 












(Top View) 


X Address 
Decoder 
Word Drivers 


© Duut 


Aa Ap Ar aa As 


M ABSOLUTE MAXIMUM RATINGS 


He sre 
Tout 











Supply Voltage 


Input Voltage 














Output Current 








Storage Temperature 


Storage Temperature 





* Under Bias 
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HM2112, HM2112-1 


MELECTRICAL CHARACTERISTICS 
(Ver=—5.2V, Ri.=500 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@DC CHARACTERISTICS 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


Symbol 


Vin=Vina or Virs 





Vouc 


Vin =Vine or Vina 


0c 
+25°C 
+75°C 
0°C 


Vore 





—840 
Guaranteed Input Voltage 


High for All Inputs 
—720 


— 1870 


Guaranteed Input Voltage 
Low for ‘All Inputs 


All Input and Output Open, 
Test Pin 8 


+25°C — 1475 
+75°C 


0 to +75°C 


ee < < 
me fF 8 es 


hr 
7 
OQ 
n 


Vin = Vina 


4 
ind 
o 


0 to +75°C 


Ta=0°C 
Ta=75°C 


— 
pe 
a 
i 
XQ 
o 


Tee 


| 5 


@AC CHARACTERISTICS 


(Vese=—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 


1. READ MODE 







Address Access Time 


2. WRITE MODE 


Item 


Write Pulse Width 
Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


Se cc ce 
| Test Condition | min | typ | max | min | typ | max | 


Chip Select Access Time 
Chip Select Recovery Time 


tres 







Symbol 


Test Condition (M2 | Mai 
[Tet cnn typ_| max | 


twscs 


twacs 


@ HITACHI 


Unit 


mV 


mV 


mV 


HA 





Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
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HM2112, HM2112-1 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 










4. CAPACITANCE 


Input Capacitance 
Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 


= [=] 
ee 
8 
ee 
es 
(ee aie 


1. LOADING CONDITION 2. INPUT PULSE 
GND 
-0,9V 
80% 
20% 
-1.7V 


ty=ts=2.0ns typ 





—2.0V 


0.01uF 
ag Rr =508 


Ci=30pF( includes probe and jig capacitance) 


Dout 


Address K 50% 
taa 
y 50% 





Address 
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Supply Current Jee imA! 


Address Access Time taa (ns) 


Chip Select Access Time tacs (ns) 





SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


Vere= -5.20V 





~20 i] 20 40 60) 80 


Ambient Temperature Ta (°C: 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Vee=—5.20V 





-20 0 20 40 60 80 
Ambient Temperature Tg (°C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


HM2112, HM2112-1 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Supply Current Jee (mA) 





Ta 5.72 5.20 — 468 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 


Address Access Time taa (ns) 





100 


Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME™ 
vs. SUPPLY VOLTAGE 


Chip Select Access Time tacs (ns) 





-5.72 -520 ~468 
Supply Voltage Vee (V) 
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HM2112, HM2112-1 


WRITE PULSE WIDTH WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 





Write Pulse Width tw (ns) 
Write Pulse Width tw (ns) 


20 40 60 80 10 


Ambient Temperature Ta (°C) 


0 





Supply Voltage Vege (V) 
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HM10422 


256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild’s F10422. 


@ FEATURES 

256-word x 4 bit organization. 

Fully compatible with 10K ECL level 
Address access time: 10ns (max) MPIN ARRANGEMENT 
Write pulse width: 6ns (min) 

Power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


(DG-24A) 





MTRUTH TABLE 


‘Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
%* > Read out noninvert 


MBLOCK DIAGRAM 





(Top View) 


Y-Decoder/Driver 


Memory Cell Array 
256 Words X4 Bits 


te 
@ 
= 
™ 
(=) 
~ 
ce 
3 
° 
2 
oO 
a 
< 


Block 2 Block 3 Block 4 
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HM10422 


MABSOLUTE MAXIMUM RATINGS 












Supply Voltage 
Input Voltage 








Output Current 
Storage Temperature 
Storage Temperature 
* Under Bias 













Rating 
a a 


MELECTRICAL CHARACTERISTICS 
(Vez=—5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


@DC CHARACTERISTICS 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 











| Symbol | Test Condition | minB) | typ _| 
| oC | 1000 | 

Vou ee 
Vin Vina | +s'c | 900 | | 

or Vite ae OE ae 

Vou | +25'c | ~1850 | — | 
|__t7s'c | 1830 | — | 

ae ae 

| tase | 980 | — | 
Vin= Vine or Vira Fs OC ioral 
ae eee eal 

Voue a ae el 
ee a 

Jo | as | 

Yel ae ee Anse |e ti Sl 
a a ee 

Pe | 160 

1 Geena: © | eae ane 
: Ptasc | =1a0 | | 

[tw [Ve=Vin Cd Ot HTC OC TC 
[ie Fete [tert [os me | 
Bo otis! oe 


@AC CHARACTERISTICS 


1. READ MODE 


Block Select Access Time 
Block Select Recovery Time 





Address Access Time 


2. WRITE MODE 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 


Block Select Setup Time 


Block Select Hold Time 
Write Disable Time 
Write Recovery Time 
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mere 
al 
ia 


Symbol Test Condition 
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max (A) 
— 840 
—810 
—720 


— 840 
—810 
—720 


— 1475 


170 


Unit 


mV 


mV 


mV 


KA 





Unit 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


3. RISE/FALL TIME 


Output Rise Time 


HM10422 





Output Fall Time 


4. CAPACITANCE 


Input Capacitance 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Vcc(GND) 





ab Ri. =502 
Cr=30pF( includes 
probe and jig 
capacitance) 


3. READ MODE 
BS 50% 
| | 
f> tanset po tte oy 
: | 80% 
Dout t 50% I 
j 20% 
t | 
lpr 


4. WRITE MODE 


2. INPUT PULSE 


-0.9V ———— 





| 
| 
I 
| 


-17V 


“| 
1 


t-=t;=2.0ns typ 4 


Address * 
I 


jt 44 ——_—_ |] 


| ‘i 
{ 
Dout 
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HM10422 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 














Z E 
a a 
—20 0 20 40 60 80 100 — 5.72 —5.20 — 4.68 
Ambient Temperature Te (‘C) Supply Voltage Ver (V! 

ADDRESS ACCESS TIME vs. ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 

£ z 

& Fa 

é : 

3 3 

Ambient Temperature Ta (°C) ; Supply Voltage Vee (V) 

BLOCK SELECT ACCESS TIME BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


Block Select Access Time taas (ns) 
Block Select Access Time tass (ns) 





40 60 80 100 
Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
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Write Pulse Width (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Te (°C) 


Write Pulse Width tw( ns) 
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WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


Supply Voltage Vee (V) 


HM10422 
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HM 10422-7 


256-word x 4-bit Fully Decoded Random Access Memory 
The HM10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low. capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 

with Fairchild’s F10422. 


FEATURES 
256-word x 4 bit organization (DG-24A) 
Fully compatible with 10K ECL level 

Address access time: 7ns (max) 

Write pulse width: 4ns (min) 

Power dissipation: 1.0 mW/bit 

Output obtainable by wired-OR (open emitter) 





MPIN ARRANGEMENT 


MTRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
% | Read out noninvert 


HM BLOCK DIAGRAM 





(Top View) 





Y-Decoder/Driver 









Memory Cell Array 
256 Words X4 Bits 





A: © 





X-Decoder/Driver 


As © 


A: © 





Block 3 


WE O-| R/W Circuit | R/W Circuit | R/W Circuit 


Block 4 


R/W Circuit 
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HM10422-7 





MABSOLUTE MAXIMUM RATINGS 
















#05 to —7.0 
70.5 to Vee 


—65 to +150 
T.,(Bias)* —55 to +125 









Supply Voltage 
Input Voltage 
Output Current 










Storage Temperature 
Storage Temperature 
* Under Bias 


ELECTRICAL CHARACTERISTICS 
(Veze=—5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 
@DC CHARACTERISTICS 


item [Spb [Test Condition | mint@ | yp | maxi [Uni 
86 | = 1000 = 200 


Vou | tase | -960 | — | -810 
Vin= Vina | +75'C | 900 | = — | —720 | 

Output Vola ne 06 tere ies] 
Vou | test | —1850 | = — | —1650 | 





| t7s'c | —1830 | — | —1625 | 

to OC S020 
aE oe 
Output Threshold Voltage Vin= Vine or Vita +} mV 
| tec | OU | | —1630 | 
ss ee ee ee 
ee | =e [a0 






Vin a ea — 735°C Cs —s10 
igh for nputs 5 
+75°C —720 
‘ee eleces | + 78°C | [rere cee ee 
Guaranteed Input Voltage 
Vin 


Low for All Inputs 





as 
= | 1450 | 
| tw Vive Vins to HTC | | | 220 
Input Current eee ee uA 
aie 
aes) 


Pires ; All Input and Output Open, 
UW urren 
ae ** | Test Pin 12 Ta=75°C 


@AC CHARACTERISTICS 


1. READ MODE 
Block Select Access Time | taas | 


Block Select Recovery Time | tres 


Address Access Time 





2. WRITE MODE 


Item Symbol Test Condition 
Write Pulse Width twsa,=2ns 


Data Setup Time 

Data Hold Time 

Address Setup Time 
Address Hold Time 
Block Select Setup Time 
Block Select Hold Time 
Write Disable Time 
Write Recovery Time 


max Unit 


o 
“¢ 
a) 


ns 


ns 


ns 


ns 


ns 
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a ee ae Se eR eee PE a eee NE Ee Ee 


3. RISE/FALL TIME 


Output Rise Time 





Output Fall Time 


4. CAPACITANCE 


Input Capacitance 





Output Capacitance 


TEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Vec(GND) 





ad we 
Ci =30pF( includes 
probe and jig 
capacitance) 


BS 50%, 
| | 
t I ¢ 
> tensed foie 
\e0%, 
Dout I 50%! 

! 1X 20% 
it to 
ro heed 

tr tr 


4. WRITE MODE 


2. INPUT PULSE 
=0.9V mm me 





~1L7V 


I 
I 
| 
| 


a 
a 


t-~t;=2.0ns typ u 


Address * 


{ 
fj 44 ———} 


| 
| 
Dout 
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HM104'70, HM10470-1 


4096-word x 1-bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild’s F 10470. 








m FEATURES 
@ 4096-word x 1-bit organization 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10470 25ns (max) 
HM10470-1 15ns (max) 
@ Write pulse width: HM10470 = 25ns (min) 
HM10470-1 15ns (min) BPIN ARRANGEMENT 
@ Low power dissipation: 0.2mW/bit 


® Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
* > Read Out Noninvert 





MBLOCK DIAGRAM (Top View) 







64X64 




















Memory Cell 


Decoder 


X Address 
Word Driver 


Dout 


Sense Amp and 


Write Drivers 


Supply Voltage +0.5 to —7.0 


ae ae 
Input Voltage +0.5 to Vez 


Storage Temperature —65 to +150 
Storage Temperature T.u4(Bias)* —55 to +125 


%* Under Bias 
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HM10470, HM10470-1 


@ ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez = —5.2V, R.=500N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





















Output Voltage Vin=Vina or Vira ee Se. ge en mV 
se | iase | [=e | 
ee | 100 = 

Vouc +25°C —980 
Output Threshold Vol Viw=V V eho V 
utput resho oltage n= Ving or Vita ae ee ees m 
Vouc +25°C | = | 1630 
+75°C | = | = 1605 
uaranteed Input Voltage ; 
ue High for All Inputs aa | 10s | — | 10 | 
V Guaranteed Input Voltage — 1850 FT 175 | 

Input Current his gtd joie +rpe ft = 170 HA 

more La 200t | = 160" | 

Supply Current Tee et = Durpat apes } nenoe ae mA 

* HM10470 


* * HM10470-1 


@AC CHARACTERISTICS (Vec=—5.2V +5%, Ta=0 to. +75C, air flow exceeding 2m/sec) 
1. READ MODE 












HM10470 HM10470-1 





Chip Select Access Time 





Chip Select Recovery Time 








Address Access Time 


2. WRITE MODE 


, Symbol T Cond HM10470 HM10470-1 U 
tem ym est Condition nit 
a 





Write Pulse Width ns 
Data Setup Time i 


Data Hold Time 


ns 
ns 
Address Setup Time 
Address Hold Time 


| twsa=3ns | 
| | twine | 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time 
Write Recovery Time 
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Sa 
is ie 
aan ee ee 
Seas 
| - | ~ | ns 
(eect eee Oe 


ns 





ns 


HM10470, HM10470-1 


3. RISE/FALL TIME 






Output Rise Time ett | 
Output Fall Time 






4. CAPACITANCE 


Input Capacitance 
Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0,9V 
O Vec(GND) 


~1L7V 








te =ts=2.0ns typ 
Rr=50Q 
Cr=30pF (includes 
0.01luF -2, probe and jig 
F ze Vee ay. capacitance) 
3. READ MODE 
Address 50% 
taa 
Dout 50% 
4, WRITE MODE 


Address 50%, 





tw. twr 
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HM10470, HM10470-1 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





80 
—20 0 20 40 60 80 100 —5.72 —5.20 -—4.68 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
ADDRESS ACCESS TIME ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 


35 


30 


25 


20 


Address Access Time taa (ns) 
Address Access Time taa (ns) 





—5.72 ~5.20 4.68 
Ambient Temperature Ta (°C) Supply Voltage Vee (V) 
CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 





ae “a 
2 £ 
g g 
3 = 

a 
& a 
3 HM10470 2 
3 HM104 70-1 oe 
a — 

Ee es 
-20 0 20 40 60 80 Too 0 —372 “5.50 7768 
Ambient Temperature Ta (TC) Supply Voltage Vee (V) 
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Write Pulse Width tw (ns) 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


Write Pulse Width tw (ns) 
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HM10470, HM10470-1 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 





Supply Voltage Ves (V) 
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FHM104°70-20 


4096- word x 1-bit Fully Decoded Random Access Memory 


The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild’s F10470. 


@ FEATURES 

@ 4096-word x 1-bit organization 

@ Fully compatible with 10K ECL level 

@ Address access time: 20ns (max) 

@ Write pulse width: 20ns (min) 

@ Low power dissipation: 0.25 mW/bit 

®@® Output obtainable by wired-OR (open emitter) 


M@ TRUTH TABLE 





Notes) x : Irrelevant 
% : Read Out Nonivert 


MBLOCK DIAGRAM 






64 X64 



















Memory Cell 


Decoder 


X Address 
Word Driver 


Sense Amp and 


Write Drivers 


Y Address 
Decoder 





2e +: © © & 


ABSOLUTE MAXIMUM RATINGS (7e=25‘C) 





MPIN ARRANGEMENT 





(Top View) 


Supply Voltage +0.5 to —7.0 
Input Voltage +0.5 to Ver 


Output Current 


—30 ; i 
Storage Temperature —65 to +150 
Storage Temperature Ty, (Bias )* —55 to +125 


* Under Bias 
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Unit 
Vv 
Vv 
mA 
Cc 
Cc 





HM10470-20 


@M ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





| = | 840 | 
Vou | = | 810 | 
Output Voltage Vin=Vina or Vira =e mV 
Vor | — | —1650 | 
| | = | 1628 | 
a ae 
Vore a) Ree 
Output Threshold Voltage Vin Vine or Vita eb mV 
Vou | tec {| | - 1630 | 
| ttc | | | 10605 | 
Guaranteed Input Voltage ae ce ee 
Vi 9 vane tae (all tees | tastc | -1105 | — | 810 | 
feds | teste | 1008 | | = 720] 
Guaranteed Input Voltage On | as | 
a pai NIE | taste | 1850] — | 1475 | 
| +7stc | 1830 | -— | —1450 | 
a Ss 
ioe Cassar a See MA 
won|» fae Pet 


@ AC CHARACTERISTICS (Vez=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 
1, READ MODE 









ee 
rsa 


typ 









Chip Select Access Time 





Chip Select Recovery Time 






Address Access Time 


2. WRITE MODE 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time twscs 
Chip Select Hold Time twacs 
Write Disable Time 


Unit 


ns 


Write Recovery Time ns 
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HM10470-20 


3. RISE/FALL TIME 


Output Rise Time 


| Symbol_| | min 

pot heer 

Output Fall Time aa | | 
[Symbol _| |_min_| 

| cn | pos 

feed 





4. CAPACITANCE 


Input Capacitance 





Output Capacitance 


TEST CIRCUIT AND WAVEFORMS 





1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit -0.9V 
© Vcc(GND) 
-1.7V 
te =ts=2.0ns typ 
Cy 
al: Rr=50Q 
Cr=30pF (includes 
0.01uF an Veg —2.0V shan an 
3. READ MODE 
Address 50% 
tan 
Dout 50% 





Address 50% 





tes wR 
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HM2142 


4096-words x 1-bit Very High Speed Random Access Memory 


The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM2142 is encapsulated in cerdip-20 pin package. 


@ FEATURES 

4096-words x 1 bit organization 

Very high speed address access time: 10ns (max) 
Write pulse width: 10ns (min) 

Power dissipation: 0.3 mW/bit 

Output obtainable by wired-OR 


(DG -20) 





WM TRUTH TABLE M@PIN ARRANGEMENT 





Notes) x : Irrelevant 
%* : Read Out Nonivert 


M@ BLOCK DIAGRAM 


Ao © 
Ai O 










64 X64 








ae $ 
Aa 3 3 4 Memory Cell 

33 ia A 

0 3 ~~ Arra ° 
As zea y (Top View) 
Ai O ~ = 
Dout 

A; O 









Sense Amp and 


Write Drivers 


Y Address 
Decoder 





ec © e@ &F fF = 
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HM2142 


@ ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


= om 
Supply Voltage V 
pet Vola ea ee Ce 
Output Current mA 
Stites eager z 
Sia Toaneeiat 


* Under Bias 


W ELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez=—5.2V, Ri=500 to —2.0V, Ta=0 to edie air flow exceeding 2m/sec) 





item [Syatel_[ Test Condition | mint) | typ | max(A) | Unit 
9 toe [= 
Vou (356900 [= ano 
Vou See ae 
|__ +75’ | —1830 | — | —1625 | 
ee ee ee 
Von [Fae [=o [= 
Vou See al 
| tc | = | | — 1605 | 
) SSS 
igh for nputs 
Guaranteed Input Voltage 
Vibe “Vesesee aea acs saa ol we ST 
eae ae | 75°C | -1810 | — | —1560_| 
ow eee] — | | 





ace = 
Vin= ILB 
=e f= =I 


ore pee Sn esd ee ee 


@ AC CHARACTERISTICS (Vec=—5.2V+5%, Ta=~0 to +75°C, air flow exceeding 2m/sec) 
1, READ MODE 


Chip Select Access Time 


Chip Select Recovery Time 
Address Access Time 





2. WRITE MODE 


Item |_Symbol_| Test Condition |_min | typ | max | Unit 
Write Pulse. Width a OO 
Data Setup Tine ieee ae a= ET 
Date Hold Tine a aes ee ee 
Address Setup Tine 0 
Address Hold Time ir | ie a ee 
Chip Select Setup Time | twscs | aes he eee es cee ns 
Chip Select Hold Time | twacs | fo. | ue fle ns 
Write Disable Time | tws | — | — | 6 | ns 
Write Recovery Time | twe | Se eae ee ee ns 
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HM2142 


3. RISE/FALL TIME 


4. CAPACITANCE 





Input Capacitance 
Output Capacitance 





MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 


© Vec(GND) 


-0.9V 





-1.7V 
tr=ty=2.0ns typ. 
Ri =50Q 
Ci =30pF( includes 
probe and jig 
capacitance) 
3. READ MODE 
Address 50% 
LAA 
Dout 50% 





4. WRITE MODE 





cs 
Address 
Din 
WE 
tWS A twacs 
Dout twscs —— FF 50% 
tws twr 
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HM104'74 


1024-word x 4-bit Fully Decoded Random Access Memory 
The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F 10474, 


M FEATURES 
@ 1024-word x 4-bit organization 





@ Fully compatible with 10K ECL level 

@ Address access time: HM10474 25ns (max) 

@ Write pulse width: HM10474 25ns(min) (DG-24A) 

@ Low power dissipation: O.2mW/bit 

® Output obtainable by wired-OR (open emitter) Mi PIN ARRANGEMENT 


M TRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
* | Read Out Nonivert 


M BLOCK DIAGRAM 





(Top View) 


Y~Decoder/Driver 


= 


Memory Cell Array 
1024Words x 4 Bits 


X-Decoder/Driver 


e2, Fe 





MABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 
















[Sra [Rating | 









Supply Voltage 
Input Voltage 


Output Current 
Storage Temperature 
Storage Temperature 
* Under Bias 
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MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 





Nite 
Vin= Vina or Vite = | 


Vin= Vine or Vita " Riel 
fr ee em 
Vorc 





Guaranteed Input Voltage — a 
va High for All Inputs | 810 | 
| +7sc | 1008 | — | 720 | 


Gearastecd [nest Veltae |-———e po _| =| 100 | 
uaranteed Input Voitage z 

| +7src | -1830 | — | 1480 | 
[tw |va-Vn—s«df ew tec | | «(|e 


; ee ee ee ee 
: ue pe [eT 


P All Input and Output Open, | Ta-o'c | —200 | -160 | — | 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 
1. READ MODE 











Chip Select Access Time 


Address Access Time 


2. WRITE MODE 


Item 


Write Pulse Width 
Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 
Write Recovery Time 


Chip Select Recovery Time 









Unit 


eee Test Cond HM10474 
ymbo ‘est Condition 
| min | typ | mex | 


pe ee 












Sym 1O es’ ‘on ition ni 
a 
ae 
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HM10474 


Unit 


mV 


mV 


mV 


HA 
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HM10474. 


3. RISE/FALL TIME 


Output Fall Time 


4. CAPACITANCE 





| Symbot_| Test Condition | min | typ | max 






MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V —— —— —-— 
Vcec(GND) 








-1.7V 


| 
J 
| 
! 
| 
1 
! 
t.=t;=2.0ns 


s 
—2.0V Ri=50Q 
a. ue Cr=30pF (includes 


probe and jig 
capacitance) 


Address 


Dout 
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Jee (mA) 


Supply Current 


taa (ns) 


Address Access Time 


Chip Select Access Time tacs (ns) 





SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 


Supply Current lee (mA) 


Ambient Temperature Ta (‘C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Address Access Time taa (ns) 


Ves=—5.20V 





0 
—20 0 20 40 60 80 100 


Ambient Temperature Ta (‘C) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


Ves= —5.20V 








0 
20 0 20 40 60 80 100 


Ambient Temperature Ta (°C) 
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Chip Select Access Time tacs (ns) 


HM10474 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





-5.20 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





0 


—5.72 —5.20 


Supply Voltage Ves (V) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 





~$.20 ~4.68 


Supply Voltage Vass (V) 
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HM10474 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





= . 
2 = 
< = 
3 3 
= = 
a eo 
& a 
& é 
2 @ 
= = 
Ambient Temperature Te (°C) Supply Volvege Vee CY) 
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Hi IMi1 0474-8,HM1 0474-1 O Under Development 


1024-word x 4-bit Fully Decoded Random Access Memory 


The HM10474 is ECL 10k compatible, 1024-words x 4-bit, read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 
The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 
The HM10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild’s F 10474. 
M FEATURES 
@ 1024-word x 4-bit organization 
@ Fully compatible with 10K ECL level 
@ Address access time: HM10474-8 8ns (max) 

HM10474-10 10ns (max) 





@ Write pulse width: HM10474-8 5ns (min) (DG-24A) 
HM10474-10 5ns (min) 
@ Low power dissipation: 0.3mW/bit @PIN ARRANGEMENT 


@ Output obtainable by wired-OR (open emitter) 


Output 


L Not Selected 
L 


MTRUTH TABLE 


Write “0” 





Notes) x : Irrelevant 
* : Read Out Nonivert 


MBLOCK DIAGRAM 





(Top View) 


Os ee aes 






Memory Cell Array 
1024Words x 4 Bits 






X~Decoder/Driver 


er F & 


MABSOLUTE MAXIMUM RATINGS (7a~25°C ) 
Note) 
The specifications of this device are 


Supply Voltage +0.5 to —7.0 subject to change without notice. 


Input Voltage Via +0.5 to Vee Please contact your nearest Hitachis 
F Sales Dept, regarding specifications. 
out 


Storage Temperature 


Storage Temperature Tia (Bias )* —55 to +125 


* Under Bias 
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HM10474-8, HM10474-10 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, Ri.=500N to —2.0V, Ta~0 to +75°C, air flow exceeding 2m/sec) 


Item 


Output Voltage 


Output Threshold Voltage 


Input Voltage 


Input Current 


Supply Current 


@AC CHARACTERISTICS (Vee-—5. 2V +5%, 
1. READ MODE 







Item 













Address Access Time 


2. WRITE MODE 


Item 


Write Pulse Width 
Data Setup Time 

Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 


Write Recovery Time 


310 


Chip Select Access Time 
Chip Select Recovery Time 






Vin=Vina or Vie 


Vin= Vins or Vita 





Vou 
Vor 


Guaranteed Input Voltage 


“e High for All Inputs 
Guaranteed Input Voltage | ve | = i870 | = | 1400 | 


Low for All Inputs 


| t7stc | 1830 | — | 1450 | 

i ee a eT 

pes Vin = Vine 0 to +75°C Ht 
[Others 

re All Input and Output Open, | Tomorc | 240 | -2200 | — | 

“| Test Pin 12 | tance | — | -205 | | 


Ta=0 to +75°C, air flow exceeding 2m/sec) 


Tae | oe [om [mm | op | om | 
ees Ee ie ee 
a 
ee (IS Ie 


Symbol Test Condition 





min | typ | max | min | typ | max | 
ee ee ee ee ee ee 
i es ie ee ce eae 
2 Sees i eo ee ee ee 
Bee eee ee en ee ee 
Sa ae ea (ee oe ee 
a aera Oe ce ee ee ee ee 
Len eee eee (ier oe ee 
oeere Sa ee ea ee ee ee 
eee te ee ee eae se 


Symbol Test Condition 


@ HITACHI 


Unit 


mV 


mV 


mV 


HA 


Unit 


ns 


Unit 


ns 


ns 


ns 


ns 


ns 


ns 


HM10474-8, HM10474-10 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


| min | om 
ian ee ae 
ee ee 
[Set [Yen Gin ne oe 
a eo 
ee ee ae 





Input Capacitance 

Output Capacitance 

@MTEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V —- ———-— 
Vcc(GND) 









-1.7V 


t-=t;~2.0ns 


Ri a 


s 
0.01uF Vee —2.0V Ri=50Q 
ob Ci=30pF (includes 


probe and jig 
capacitance) 


3. READ MODE 


Address 


Dout 








Address 
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HM10480,HM10480F 


16,384-words X< 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild’s F 10480. 


HM10480 


@ FEATURES 

@ 16,384-words x 1-bit organization 

@ Fully compatible with 10K ECL level HM10480F 
@ Address access time: 25ns (max) 

@ Write pulse width: 25ns(min) 

@ Low power dissipation: 0.05mW/bit 

@ Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes)  : Irrelevant PIN ARRANGEMENT 


% > Read Out Noninvert 


M@ BLOCK DIAGRAM 













Ai ry 
As 3 128x 128 
im Memory Ceil 
As z Array 
> oi Dout 
5 


Sense Amp. 
Write Drivers 


Y-Address Decoder 





res 
O 
z 


(Top View) 


A 
As 


Item 


Supply Vollaae 
Input Voltage Vin 
Output Current Tout ; 80 
Storage Temperature Tate 
Storage Temperature 


%* Under Bias 
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HM10480, HM10480F 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—5.2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





ee 

Output Voltage Vin= Vina or Vira ae, SS mV 
ee ea 
| oc | -10 | - | | 
eee 

Output Threshold Voltage Vin™Vine or Vita — mV 
eT oo 
Ptr | | 1006 | 
Guaranteed Input Voltage om ee 

High for All Inputs 

Guaranteed Input Voltage ae ae 
ee 


@AC CHARACTERISTICS (Vez =—5.2V +5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


1. READ MODE 
a a oe 


Test Condition 


Symbol 


Chip Select Access Time 


Chip Select Recovery Time 





Address Access Time 


2. WRITE MODE 


Item Symbol 
Write Pulse Width 


Unit 


ns 
Data Setup Time ns 
Data Hold Time two ns 


Address Setup Time 


za 

—- 

| 8 | 

ftw=tns_ CE 

Address Hold Time oe | 
Chip Select Setup Time twscs | 5 | 
Chip Select Hold Time twucs | 5 
Write Disable Time | — | 
za 


Write Recovery Time 


ns 


ns 
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HM10480, HM10480F 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


Input Capacitance 


Output Capacitance 





MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit -0.9V —— ———— — 
© Vcc(GND) 





-1.7V 


[ 
t 
| 
| 
| 
| 
| 


t,=t;~2.0ns 


Ru L Ch 


) 
—2.0V Ri=502 
a8 Ve Cr=30pF (includes 


probe and jig 
capacitance) 





Address 


Dout 








Address 
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HM10480-15,HM10480-20 


16,384-words x 1-bit Fully Decoded Random Access Memory 


The HM10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM10480 is encapsulated in cerdip-20 pin package, compatible 
with Fairchild’s F10480. 


Under Development 


W@ FEATURES 

© 16,384-words x 1-bit organization 

@ Fully compatible with 10K ECL level 

@ Address access time: HM10480-15 15ns (max) 
HM10480-20 20ns (max) 

@® Write pulse width: HM10480-15 15ns (min) HIPIN ARRANGEMENT 
HM10480-20 20ns (min) 

®@ Low power dissipation: O.06mW/bit 

@ Output obtainable by wired-OR (open emitter) 





MTRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
* | Read Out Noninvert 





HBLOCK DIAGRAM (Top View) 










128X 128 
Memory Cell 
Array 


X-Address Decoder 
Word Driver 


Sense Amp. 
Write Drivers 









MIABSOLUTE MAXIMUM RATINGS ( Ta=25°C ) 


Symbol 
Vee to Vcc +0.5 to —7.0 
Vin +0.5 to Vee 

ut 


I | 80 
Tite —65 to +150 
T.1,(Bias)* —55 to +125 





Note) 

The specifications of this device are 
subject to change without notice. 
Please contact your nearest Hitachis 
Sales Dept, regarding specifications. 












Supply Voltage 









Input Voltage 


Output Current 


Storage Temperature 





Storage Temperature 





* Under Bias 
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HM10480-15, HM10480-20 


WMELECTRICAL CHARACTERISTICS 
eoc CHARACTERISTICS (Ver=~5.2 2V, R.=50N to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


a 
3 = 







Output Voltage Vin™ Vina or Vite pS mV 
Vou | _+25'c | —1850 | = — | —1650 | 


Output Threshold Voltage 


Vin=Vine or Vita mV 
V Guaranteed Input Voltage 
a High for All Inputs 
Input Voltage mV 
Guaranteed Input Voltage 
Vit 


Low for All Inputs 


we a 
a eS RE" 


In™= VILB oO 
a “T-0l =-—T = 
All Input and Output Open, | Tare | —240 | —2200 | — | 
eats. Fie [ieee |e =a a 


@AC CHARACTERISTICS (Ves =—5.2V +5%, Ti Ta=0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 





Chip Select Access Time 


Chip Select Recovery Time 
Address Access Time 





2. WRITE MODE 
— aNaTeR A 
ain [typ | max | min [op | max | 
Write Pulse With we [ime dws | dP PP | Kd 
Data Setup Time Pat-f-[3s>-|=] = 
Data Hold Time Pat-=,-|[a,-)>) 
Address Setup Time | waa [Wwaiwmin—*| a | - [| [3 | - | - | 1 


‘Write Disable Time =a pa SS 


Aadeess Hold Time Pe y=f-[e2,[-|[- 
Chip Select Setup Time ee a A ae 
Chip Select Hold Time Se Cn 
Write Recovery Time tw Sis kare) = oa hs 
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HM10480-15, HM10480-20 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 












4. CAPACITANCE 


a 
= es = 
Pea | 
es 
eal 

a 


Input Capacitance 


Output Capacitance 


WTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit SO BY eee ra 
© Vcc(GND) 


-1.7V 
lt yi fl 
Rt I CL t-—=t;~2.0ns 
O 
0.01uF Ver -2.0V Rr =500 
au Cr=30pF (includes 
probe and jig 
capacitance) 
Address 50% 
tha 
Dour 50% 





4. WRITE MODE 





Address 
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HM10484-15,HM10484-20-—____ 


4096-word x 4-bit Fully Decoded Random Access Memory Under Development 


The HM10484 is ECL 10K compatible, 4096 words x 4-bit read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storage. The fabrication process is 
the Hitachi’s low capacitance U-groove isolation method with double 
metalization. The HM10484 is encapsulated in cerdip-28 pin pack- 
age. 


MTRUTH TABLE 


Not Selected 


(DG-28A) 





Write “1” @ PIN ARRANGEMENT 










Notes)  : Irrelevant Veca 
* : Read Out Nonivert DOs 
@ BLOCK DIAGRAM DOs 
Ao 
Az As Ag Aio An 
0 9 9 O Ay 
Se 6 Soe oe i 
Aoo As 
Aloe A 
4 
ive z Memory Cell Array 
S 4096words x 4bits As 
i 
A3 0 2 
3 As 
Aonqd 
x Ar 


As 


Ag 


Vege 





(Top View) 


Supply Voltage Vee to Vcc +0.5 to —7.0 


Input Voltage +0.5 to Vee 


Output Current 


Storage Temperature 
Storage Temperature 


* Under Bias 
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HM10484-15, HM10484-20 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Ves =—5.2V, Ri=502 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 


8 1000 | = 00 | 
|__ teste | -960 | = | ~810 | 
Output Voltage Vin Vina or View Fe iced 2 mV 


Output Threshold Voltage 


ee 
| +7stc | -130 | — | —1625 | 
aed eo 

Va tee ame a te, 
[Hse [mis | [mo] 

m 
Vin Guaranteed Input Voltage 
Low for All Inputs 


pase [=m | 










Vin=Vine or Vita ete a 1605 | mV 


Input Voltage 





@AC CHARACTERISTICS (Ves=—5.2V +5%, Ta=0 to +75C, air flow exceeding 2m/sec) 
1. READ MODE 








Item 





Unit 


pee [oe [eer am Tom [om | 


faa 






Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 






2. WRITE MODE 
: Baan at 
oe [simbat | Texcontton Le aa Ri [op Ta] = 
Write Pulse Width | tw | twsa=tns 5 | - | - | | = | Ks 
Data Setup Time ei ee ee eee 
Data Hold Time 2 eee ae eee 
Address Setup Time twsa tw =tw min fr 3 { - | - | 3 { - {| - | 21 
Address Hold Time a ee ef 
Chip Select Setup Time pts ee a oh ee done 
Chip Select Hold Time pe ee ee ee ee ee 
Write Disable Time tws eee | 0 
Write Recovery Time | we ae a eee eee 
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HM10484-15, HM10484-20 


3. RISE/FALL TIME 


Output Rise Time 
Output Fall Time 





4, CAPACITANCE 


Input Capacitance 


ee 
oe 
Test Condition | max | 
ee ead 
ieee 





Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit $0,9V ae ee 
© Vec(GND) 








-17V ! ! 
lo ot 
amar | eo 

Ri Ae Ch tml; =2.0ns 
) 
0.01uF Vee —2.0V Rir=50Q 
i Cr=30pF (includes 
probe and jig 
capacitance) 
Address 50% 
taa 
Dout 50% 





4. WRITE MODE 





Address 
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HM100415,HM100415CC 


1024-word x 1-bit Fully Decoded Random Access Memory 


The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The. HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 


proved noise margin. This memory is encapsulated in cerdip-16pin — 


package. 

M@ FEATURES 

Cae EC: \'/- | Rn me 100K ECL Compatible 
@ Organization ...... 0... cece eee eee 1024-word by 1-bit 
@ Address Access Time .........cccc cece cceeeee 10ns (max) 
@ Chip Select Access Time ..........ccc ee eeccees 5ns (max.) 
@ Power Consumption ...........000eceuees 0.6mW/bit (typ) 
@ Output Obtainable by Wired-OR (open emitter) 

® Compatible with Fairchild F100415. 


MTRUTH TABLE 


Not Selected 


Write “0” 
Write “1” 





Notes) X : Irrelevant 
* > Read Out Noninvert 


MBLOCK DIAGRAM 





As As Az As As 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


es ae 
Tuue(Bias)* 











Supply Voltage 








Input Voltage 
Output Current 






Storage Temperature 





Storage Temperature 





%* Under Bias 
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HM100415 


(DG-16A) 
HM100415CC 





MPIN ARRANGEMENT 
@HM100415 





(Top View) 
@HM100415CC 





cc NC Dout Ao 
(Top View) 
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HM100415,HM100415CC 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri~50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


| vor | (os ai nV 
Output Voltage =Vina or Vize 

eee ee 

[=e [Lav 
Output Threshold Voltage Via Vine or Vita psc = | iaioe | a 

| Vm | Guaranteed Input Voltage | -1165 | = — | —880 | mV 
Eee ARE lawns ts High/Low for All Inputs | -1si0 | = — | —1475 | mV 

ee — ee zn 

Tn ™ VILB 
oe eae 


@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


Chip Select Access Time 
Chip Select Recovery Time 





Address Access Time 


2. WRITE MODE 


Write Pulse Width 


Unit 
ns 
Data Setup Time 
Data Hold Time 


ns 





Address Setup Time ns 


| mex | 
em 
Za 
ea 
ae 
Paes 
alee 
=r 
Write Disable Time | 8 | 
Eats 


ns 


Write Recovery Time ns 





3. RISE/FALL TIME 


Output Rise Time 


in| 

= 

Sate 

min | 

ee ae 
EE 

| 2 | 

pipsO = es a 

Address Hold Time za 
Chip Select Setup Time lee Bh tT 
Chip Select Hold Time twucs za 
=a 

ae 

in 

ae 

ay 





Output Fall Time 


4. CAPACITANCE 


Input Capacitance 


Output Capacitance 
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MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
© Vec(GND) 






Ri=50Q 


—2.0V 
ae Veg Cr=30pF( includes 
probe and jig 


capacitance) 





4. WRITE MODE 


cs 509% Meise re eS ee 


a 





tes: 


HM100415,HM100415CC 


2. INPUT PULSE 


-0.9V 


-1.7V 





ty = t7=2.0ns typ 


50% 


baa 


50% 
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HM100422,HM100422F 


HM100422CC 


256-word x 4-bit Fully Decoded Random Access Memory 


The HM100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild’s F 100422. 


@ FEATURES 

@ 256-word x 4-bit organization 

Fully compatible with 100K ECL level 
Address access time: 10ns (max.) 

Minimum write pulse width: 6ns (min.) 

Low power dissipation: 0.8mW/bit 

Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 


Not Selected 


Write “1” 





Notes) < : Irrelevant 
% ; Read Out Noninvert 


MBLOCK DIAGRAM As As Ar 





Y-Decoder/Driver 


Memory Cell Array 
256 Words X4 Bits 


A: C 


X-Decoder/Driver 


Ai O 


A, © 


Block 2 


BS 
Di 
DO: 
BS: 
Dk 
DO: 
BS: © 
Dis 
DOs 
BS 
Die 
DO. 
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HM100422 


MPIN ARRANGEMENT 
@HM100422 





(Top View) 


@®HM100422F 


A A fw hee ON 


Sa F He 





BS: UM tcc Vecs UO Bt 
(Top View) 


@HM100422CC 


Ar__ A Aa_ We Ay 





a DOs BS: 
(Top View) 


HM100422,HM100422F,HM100422CC 


M ABSOLUTE MAXIMUM RATINGS (7a=25C ) 
Symbol Rating 


Vin 
















Item 







Supply Voltage 
Input Voltage 


Pv. | F08 wVae | 
Lowe —30 
Tos Bias) 

* Under Bias 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vee = —4.5V, Ri=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


| Von | 1810 | —a715 ey 
Hefecmen Pe 


Vo. 
Vin Guaranteed Input Voltage 
Tee 






Output Current 











Storage Temperature 


Storage Temperature 















Output Voltage 








Output Threshold Voltage 








Input Volt 
Tear ng High/ Wow. for “All Tapats 


Vin=Vina 





Input Current 














[fee | All Inputs and Outputs Open 


Supply Current 





@AC CHARACTERISTICS (Vee =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 













Block Select Access Time 











Block Select Recovery Time 


Address Access Time 


2. WRITE MODE 





Item Unit 


| tess | 
| tees | 
pt | 
[Symbol _| 
Write Pulse Width | tw | 
| twso | 
| ten 
| tse | 
[twa 


[iwsemtns 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Block Select Setup Time twsas 
Block Select Hold Time 
Write Disable Time | tws | 
Write Recovery Time | twe | 


3. RISE/FALL TIME 


ns 
ns 


ns 


C= [= 








ns 


ns 


ns 


ns 


Output Rise Time 
Output Fall Time 





4. CAPACITANCE 


| min | max | 
et Lees 
Ly —- 
Symbol | ____Test Condition | min | | max | 
Ee] ase 
= ss 





Input Capacitance 
Output Capacitance 
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HM100422,HM100422F,HM100422CC 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 


Test Circuit 
Vee( GND) 





ne Ri =502 


Cz =30pF( includes 


probe and jig 
capacitance) 





4. WRITE MODE 


Din 


WE 


Deut 


326 


2. INPUT PULSE 


-0.9V ———— 





-17V 


i 
[ 


t-=t;=2.0ns typ 


Address 
; I 
| 


> 4 4 


| 
’ ! ‘ 
Dout 
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HM100470 


4096-word x 1-bit Fully Decoded Random Access Memory 
The HM100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild’s F 100470. 


WFEATURES 

@ 4096-word x 1-bit organization 

@® Full compatible with 100K ECL level 
@ Address access time: 25ns(max) 
@ Write pulse width: 25ns (min) BPIN ARRANGEMENT 
@ Output obtainable by wired-OR (open emitter) 
WMTRUTH TABLE 





Not Selected 


Write “0” 
Write “1” 





Notes) x : Irrelevant 
% > Read Out Nonivert 


MBLOCK DIAGRAM 





(Top View) 


64X64 
Memory Cell 
















Array 


Decoder 





X Address 
Word Driver 






O Wout 






Sense Amp and 





Write Drivers 





5 060 060006 O 
2 ty * z 2 = 
tem GF F 


M ABSOLUTE MAXIMUM RATINGS (Ta=25°C ) 


Supply Voltage 


Input Voltage +0.5 to Vee 


Storage Temperature 
Storage Temperature Te (Bias) * 


* Under Bias 
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HM100470 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vez =—4.5V, Ri=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Vin Vina or Vite 
—1810 | —1715 | —1620 | mV 
Vouc — 1035 mV 
Output Threshold Voltage in™ Vine or Vita aoe as 
nme War Guaranteed Input Voltage | -165 ] = — | —880 | mV 
ut Vo 


a bei oa ae i 
All Inputs and Outputs Open -- 200 “—165 = mA 


Output Voltage 


> sis 
= c |= 








Supply Current 





@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 













Unit 


3 
.<) 
“4 


ea 


: a! 





Chip Select Access Time 


| 
) 





Chip Select Recovery Time 


| 
bo 
a 


Address Access Time 








2. WRITE MODE 
[woe [=[=[=[ 
Write Pulse Width Ca ee Ee ee ns 
Data Setup Time EVES ee ns 
Data Hold Time p 2 | - | - | ns 
Address Setup Time tw=twmin f 3 | - | - | ns 
Address Hold Time 2 | - | - | ns 
Chip Select Setup Time 2 | - | =] ns 
Chip Select Hold Time [2 f - | - | ns 
Write Disable Time tus | = | = | 10 | ns 
Write Recovery Time twr ee ns 


3. RISE/FALL TIME 


Test Condition 


Output Rise Time 





Output Fall Time 


4. CAPACITANCE 


Test Condition 


Input Capacitance 





Output Capacitance 
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HM100470 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


T est Circuit 
© Vec(GND) en 


~1L7V 





te =t7=2.0ns typ 





O 
i -20V RL =50 
ae re Ci=30pF (includes 


probe and jig 
capacitance) 


Address 50% 


tan 


Dout 50% 





4. WRITE MODE 


aS Soe 





tes: twa 
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HM1004 74, HM100474F 


1024-word x 4-bit Fully Decoded Random Access Memory 
The HM100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi’s low capacitance, oxide 
isolation method with double metalization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24-pin and 
flat 24pin package, compatible with Fairchild’s F 100474. 


HM100474 


M@ FEATURES HM100474F 
® 1024-word x 4-bit organization 

@ Fully compatible with 100K ECL level 

@ Address access time: HM100474/F 25ns(max) 


@ Write pulse width: HM100474/F 25ns(min) 
@ Output obtainbie by wired-OR (open emitter) 


MTRUTH TABLE 





MPIN ARRANGEMENT 
@HM100474 





Notes) X : Irrelevant 
% > Read Out Nonivert 


MBLOCK DIAGRAM As Ar Ass 


= 





5 Memory Cell Array 
Ao = 1024Words x 4 Bits 
$ 
A2 © 3 
Ao s& 
” “ 
hs (Top View) 
@HM100474F 


As As Ar Vee Ae NC 





ry 
a 


3 
a 


DO; 
Dis 
DO. 


Pe = 2 
a a a 


M ABSOLUTE MAXIMUM RATINGS (7a=25°C ) 


Vee to Vec +0.5 to —7.0 


+0.5 to Vee 
Tate 
Tse ( Bias)* 


* Under Bias DO: DOz Vcc Vcca DOs DOs 


—65 to +150 
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Supply Voltage 












Input Voltage 











Output Current 








Storage Temperature 
—55 to +125 





Storage Temperature 





HM100474,HM100474F 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Vcc =—4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 









Item Symbol Test Condition min(B) typ max (A) Unit 
Von — 1025 —955 — 880 mV 
Output Voltage Vin=Viaa or Vis ee 
Vor —1810 ~ 1715 — 1620 mV 
ae 
Output Threshold Voltage Vis= Vins or Vita 
Vin Guaranteed Input Voltage —1165 mV 


Input Voltage : 
Vin High/Low for All Inputs —1810 —1475 mV 
Te Vin= Vie BA 
ae ea 


Supply Current L Tee All Inputs and Outputs Open 














ib 
5 





@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 






HM100474/F 









Chip Select Access Time 






Chip Select Recovery Time 






Address Access Time 
2. WRITE MODE 


Data Setup Time 






HM100474/F 





Unit 


typ 
ns 


ns 






Data Hold Time t wap 


Address Setup Time twsa Jtw=twmin | 


Address Hold Time 


ns 


ns 


ns 


—_ 
ol 


ns 


Chip Select Setup Time twscs 


Chip Select Hold Time 


Write Disable Time 


ns 


ns 


L] 
pac) 


ns 


Write Recovery Time | ten | | - | 


3. RISE/FALL TIME 


Output Rise Time 


[mex | 
am 
Output Fall Time | = | 
liar 
ae 





4. CAPACITANCE 


“sae [ears 


Input Capacitance 


Output Capacitance 
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HM100474,HM100474F 


MBTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 
Vec(GND) 









R C. 
. | : tr-=ts=2.5ns 


y ~20V RL =502 
ze be Ci=30pF (includes 
probe and jig 


capacitance ) 


Address 50% 





4. WRITE MODE 





Address 
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Address Access Time taa (ns) Supply Current Jee (mA) 


Chip Select Access Time tacs (ns) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 


CHIP SELECT ACCESS TIME — 
vs. AMBIENT TEMPERATURE 





Ambient Temperature Ta (‘C) 





Supply Current [ee (mA) 


Address Access Time taa (ns) 


Chip Select Access Time tacs (ns) 
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HM100474 ,HM100474F 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 





—4.95 ~4.50 —4.05 


Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





Supply Voltage Vee (V) 


CHIP SELECT AGCESS TIME 
vs. SUPPLY VOLTAGE 





—4.95 —450 —4.05 


Supply Voltage Vee (V) 


333 


HM100474, HM100474F 


WRITE PULSE WIDTH vs. WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 





» = 
£ s 
3 3 
= = 
2 a 
& é 
@ 2 
= = 
4.95 —4.50 —4,05 
Ambient Temperature Ta (‘C) Supply Voltage Vee (V) 
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HM100480, HM100480F 


16, 384-words <1-bit Fully Decoded Random Access Memory 


The HM100480 is ECL 100K compatible, 16,384-words x 1-bit, HM100480 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100480 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild’s 100480. 


MFEATURES 

@ 16,384-words x 1-bit organization 

@ Fully compatible with 100K ECL level 

@ Address access time: 25ns (max) HM100480F 
@ Write pulse width: 25ns (min) 

® Low power dissipation: 0.05mW/bit 

@ Output obtainable by wired-OR (open emitter) 


MTRUTH TABLE 





(FG-20) 





Notes) X ° irrelevant 
% : Read Out Noninvert 


WBLOCK DIAGRAM 













128X 128 
Memory Cell 






Array 






X-Address Decoder 





Sense Amp. 
Write Drivers 










(Top View) 


A 

As O Q 
> 

A 

Aw 

Au oO 

An 

Au O 






ise = ew 


@ HITACHI 335 







Supply Voltage 








Input Voltage 







Output Current 
Storage Temperature 
Storage Temperature 


* Under Bias 





HM100480, HM100480F 





MIABSOLUTE MAXIMUM RATINGS (Ta=25°C) 













Symbol Rating 


ae 
—55 to +125 







Supply Voltage 


Input Voltage 








Output Current 







Storage Temperature 


Storage Temperature 





% Under Bias 


MELECTRICAL CHARACTERISTICS 
@DC CHARACTERISTICS (Ves=—4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 


Taine [=a [=a [ev 
Vouc mV 

Output Threshold Voltage Via@ Ving or Vita 
Guaranteed Input Voltage | —1165 | = — | —880 | mV 
nae Vi___| High/Low for All Input miso | — | —1s [av 


Output Voltage 


= 


a SN 
Inn Vin Vite HA 
aaa oes 
Supply Current re slee? = fl All Inputs and Outputs Open | -200 | -165 |  — | mA 


@AC CHARACTERISTICS (Ves=—4.5V+5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 


Chip Select Access Time 


—_— | 
o;|o 


Chip Select Recovery Time 


Address Access Time 





2. WRITE MODE 


Write Pulse Width 


Unit 


ns 
Data Setup Time 
_ Data Hold Time 


ns 
ns 


Address Setup Time 


[tevtwmin 
Address Hold Time 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time ps 
Write Recovery Time fF — | - | 
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ns 





ns 


ns 


ns 


ns 


ns 


HM100480, HM100480F 


3. RISE/FALL TIME 


Output Rise Time 





Output Fall Time 


4. CAPACITANCE 






ee ae ee 
aa 

a ce 

MTEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 
Test Circuit -0.9V 
© Vcc(GND) 






Input Capacitance 






Output Capacitance 





-1.7V 





tr=ts=2.0ns typ 
Ri =50Q 
C_=30pF (includes 
0.01uF 9 probe and jig 
e | VEE ny Capacitance) 
3. READ MODE 
Address 50% 
taa 
Dout 50% 





4. WRITE MODE 


eee si ae 
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HM100480-15,HM100480-20— 


16,384-words X1-bit Fully Decoded Random Access Memory Under Development 


The HM100480 is ECL 100K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM100480 is encapsulated in cerdip-20 pin package, compatible 
with Fairchild’s 100480. 


MFEATURES 


®@ 16,384-words x 1-bit organization 

@ Fully compatible with 100K ECL level : 

@ Address access time: HM100480-15 15ns (max) 
HM100480-20 20ns (max) 

© Write pulse width: HM100480-15 15ns (min) MPIN ARRANGEMENT 
HM100480-20 20ns (min) 

@ Low power dissipation: 0.06mW/bit 

e@ Output obtainable by wired-OR (open emitter) 





MTRUTH TABLE 





Notes) X : irrelevant 
* | Read Out Noninvert 


MBLOCK DIAGRAM (Top View) 
















128 X 128 
Memory Cell 






Array 






X-Address Decoder 





PE 
Sense Amp. 
Write Drivers 






E 
Y-Address Decoder 
- D Din 
O O O O 
< ¢ <2 


z23 
HIABSOLUTE MAXIMUM RATINGS ( To=25°C) 


Supply Voltage 
Input Voltage 


+0.5 to Vez 


Output Current er ee 
Storage Temperature —65 to +150 


Storage Temperature Tuts( Bias) * —55 to +125 


* Under Bias 
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HM100480-15, HM100480-20 


MABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 

















Supply Voltage Vee to Vcc +0.5 to —7.0 Vv 

Input Voltage Vin +0.5 to Ves Vv 

Output Current — 30 mA 

Storage Temperature Tits —65 to +150 x 

Storage Temperature Tst,(Bias)* —55 to +125 °C 
) 

* Under Bias 


MELECTRICAL CHARACTERISTICS 

@DC CHARACTERISTICS (Vezs=—4.5V, Ri=500 to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 
mV 
mV 


Output Voltage Vin= Vina or Vite 





mV 
Output Threshold Voltage in= Ving or Vita 


Via Guaranteed Input Voltage —1165 mV 
Input Voltage 
Vin High/Low for All Input — 1810 = — 1475 mV 









































Tn Vie= Vine KA 
—} 
Supply Current Le Tre All Inputs and Outputs Open | -200/ -— | — | mA 





@AC CHARACTERISTICS (Ves=—4.5V+5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 
1. READ MODE 









Item Symbol Test Condition 








Chip Select Access Time ole tacs 
Chip Select Recovery Time iz trocs 
Address Access Time ui taa 








2. WRITE MODE 


Item 


Symbol ae 
nin [vp [imax [min [ve | mie | 


Write Pulse Width twsa = 3ns | - | - [| 2 | - [| - | as 
Data Setup Time me ae ee eee ns 














Data Hold Time eee emer ee ns 
Address Setup Time tw = tw min ae hee Noe) ee ee ns 
Address Hold Time Ee ee ee eee 
Chip Select Setup Time 3 | - | - | 3 { - | = [ns 
Chip Select Hold Time 2 Pp - {[ = [ 2 f[ - [ - | ns 
Write Disable Time - | - | 8 | - | - | 10 | as 


Write Recovery Time 





ieee ee a Re ae) ee ee ee he 
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HM100480-15, HM100480-20 


3. RISE/FALL TIME 










4. CAPACITANCE 


Output Rise Time = ae 
Output Fall Time ee 
[Sea [ae ties 


Input Capacitance 
Output Capacitance 


MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION. 2. INPUT PULSE 


Test Circuit -0.9V 
© Vcc(GND) 


~12V 





t, =t/=2.0ns typ 

Ri =50Q 
Cr=30pF (includes 
probe and jig 
capacitance ) 

Address 50% 

taAa 
Dout 50% 





4. WRITE MODE 


a Soe 
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HM100484-15,HM100484-20 —__ 


4096-word x 4-bit Fully Decoded Random Access Memory Under Development 


The HM100484 is ECL 100K compatible, 4096-words by 4-bits 
read/write random access memory developed for high speed systems 
such as acratch pads and control/buffer storage. The fabrication 
process is the Hitachi’s low capacitance U-groove isolation method 
with double metalization. The HM100484 is encapsulated in cerdip 
-28 pin package. 


MTRUTH TABLE 















































Input 
== ———— Output Mode 
CS WE Din 
r T (DG-28A) 
H x x L Not Selected 
L | L L 
@ PIN ARRANGEMENT 
L L H 
L H x 
Vee 
Notes) X : Irrelevant 
% : Read Out Nonivert 02 
DOL 
=# BLOCK DIAGRAM 
Dia 
Ar As Ag Aio Au Dl3 
Y- Decoder/ Driver le 
Uo aS “ Dh 




















Alo cs 
Are £ Memory Cell Array WE: 
S 4096words x 4bits 
A3 3 WE 
Ss 
Ag a NC 
x 
As@ NC 
As Block 1 | Block 2 | Block 3 | Block 4 
‘CE 6 8 ees ae 
A1o 





Circuit 


fo 
a 


a 


(Top View) 







































Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to —7.0 V 
Input Voltage Vin +0.5 to Ver V 
Output Current Tout —30 mA 
Storage Temperature Tse —65 to +150 °C 
Storage Temperature Tsts(Bias)* —55 to +125 °C 
* Under Bias 
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HM100484-15, HM100484-20 


MELECTRICAL CHARACTERISTICS 
@®DC CHARACTERISTICS (Vez =—4.5V, Ri=50N to —2.0V, Ta=0 to +85°C, air flow exceeding 2m/sec) 











— 880 mV 
bce aa tery aegis ares [ips [| a 
Vouc mV 
Output Threshold Voltage eae Vin=Vine or Vizas a a oe 
aes aes 
nput Voltage 
, . oe High/Low for All Inputs —1810 | = | —1475 | mv 
Input Current cs | 0.8 | 
d others | 80 | _ 
Supply Current Tee All Inputs and Outputs Open | -aof  - | —| mA 


@AC CHARACTERISTICS (Vez =—4.5V +5%, Ta=0 to +85°C, air flow exceeding 2m/sec) 


1. READ MODE 
, HM100484-15 HM100484-20 
Symbol Test Condition 


Chip Select Access Time tacs 


Chip Select Recovery Time tres 


Address Access Time 


2. WRITE MODE 


HM100484/15 HM100484-20 
Item Symbol Test Condition Unit 





Write Pulse Width ns 


3 ns 
2 ns 
ce ee 


ns 


Data Setup Time 
Data Hold Time 





Address Setup Time 


Eo 

eee 

ao 

al 

al 

Address Hold Time | — | 
Chip Select Setup Time twscs = 3 | | 
Chip Select Hold Time twucs | 2 | — | 
Write Disable Time | - | - | 
aoe 


Write Recovery Time 


ns 


ns 


= 


3. RISE/FALL TIME 


Output Rise Time 


min | 
al 
Output Fall Time | — | 
| min | 
el 
Resa 





4. CAPACITANCE 





Input Capacitance 
Output Capacitance 


342 @ HITACHI 


HM100484-15, HM100484-20 





MTEST CIRCUIT AND WAVEFORMS 
1. LOADING CONDITION 2. INPUT PULSE 


Test Circuit 
© Vec(GND) 





tp=ts=2.5ns 
beatae ae Ver —2.0V  Rr=500 
Ci=30pF( includes 
probe and jig 
capacitance ) 
Address 50% 
LAA 
Dout 50% 





4, WRITE MODE 
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